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Abstract 


To  properly  manage  the  Installation  Restoration  Program  (IRP)  in  the  future.  Air  Force 
remedial  project  managers  (RPMs)  need  a  metric  to  assist  in  the  selection  of  remedial 
alternatives  for  the  safe  and  effective  clean  up  of  waste  contamination  sites.  If  the 
baseline  site  risk  assessment  indicates  that  it  is  necessary  to  remediate  a  waste 
contamination  site,  it  is  important  to  the  RPM  that  the  selection  process  for  remediation 
alternatives  considers  the  potential  human  health  and  ecological  risks  associated  with  the 
proposed  remediation  process.  In  some  instances,  the  risks  may  be  significant  when 
compared  to  the  baseline  conditions. 

The  Air  Force  currently  uses  the  Defense  Priority  Model  (DPM)  to  assist  in  setting 
priorities  for  funding  remedial  actions  based  on  the  relative  risk  at  IRP  sites.  The  DPM 
provides  a  numerical  score  representing  the  relative  potential  risk  based  on  the 
environmental  conditions  at  a  site  before  remedial  actions  are  taken.  This  study 
investigates  the  applicability  of  the  DPM  to  calculate  the  relative  risks  that  would  be 
associated  with  the  remedial  alternatives  under  consideration  for  remediation  of  the 
contamination  site  characteristics.  Furthermore,  this  study  compares  the  relative  risks  of 
the  remedial  alternatives  to  the  reduction  in  baseline  relative  risk  from  remedial  efforts. 

If  the  relative  risk  of  a  remedial  activity  is  greater  than  the  reduction  in  relative  risk  of  the 
contaminated  site,  a  different  remedial  alternative  is  desired. 

Rescoring  the  DPM  to  represent  relative  risk  of  a  site  under  remedial  action  conditions 
demonstrates  that  three  factors  influence  the  risk  value  of  a  remedial  action:  waste 
quantity,  waste  containment  effectiveness,  and  waste  concentration.  Limits  of  the  waste 
containment  effectiveness  factor  made  it  impossible  to  discern  relative  risk  between 
similar  remedial  alternatives.  Furthermore,  for  all  cases  of  contamination  sites  under 
remedial  conditions,  the  relative  risk  of  the  remedial  action  was  less  than  the  reduction  in 
baseline  relative  risk  due  to  the  improvement  in  waste  containment. 
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APPLICATION  OF  A  RISK  MODEL  TO  QUANTIFY  RELATIVE  RISK 

OF  REMEDIAL  ACTIONS 

1.  INTRODUCTION 


General  Issue 

"[T]he  number  of  hazardous  waste  sites  on  the  United  States  Environmental 
Protection  Agency  (EPA)  National  Priorities  List  (NPL)  exceeds  1,000,  and  estimates 
have  been  made  that  the  number  could  grow  to  2,000.  The  United  States  Congressional 
Office  of  Technology  Assessment  (OTA)  estimated  that  the  list  could  reach  10,000, 
requiring  remediation  activities  well  into  the  21st  century"  (Schmelling  et  al.,  1992:  220). 
These  staggering  numbers  signify  the  increasing  awareness  to  rectify  the  past's  hazardous 
waste  management  practices.  In  the  Air  Force  alone,  only  3 1  %  of  the  4,859  hazardous 
waste  sites  identified  at  the  end  of  FY93  have  been  remediated  (Raymond,  1994).  Air 
Force  remedial  project  managers  (RPMs)  are  becoming  hard  pressed  to  meet  the  Air 
Force  environmental  restoration  goal,  established  by  the  Chief  of  Staff  of  the  Air  Force  in 
1990,  to  restore  10%  of  hazardous  waste  sites  annually  with  all  sites  completed  by  the 
year  2000.  To  justify  and  properly  manage  remedial  actions  in  the  future.  Air  Force 
RPMs  need  a  metric  to  assist  in  the  selection  of  remedial  alternatives  for  the  safe  and 
effective  clean  up  of  waste  contamination  sites. 

Under  the  Comprehensive  Environmental  Response,  Compensation,  and  Liability 
Act  process,  also  referred  as  Superfund,  "public  health  risk  assessments  are  conducted  to 
evaluate  the  risks  associated  with  'baseline'  conditions  at  a  site,  in  the  absence  of 
remediation,  and  are  used  to  evaluate  whether  remediation  of  the  site  is  needed" 
(Edmisten-Watkin,  1991 :  293).  Remedial  alternatives  are  later  evaluated  against  nine 
criteria  established  under  the  Superfund  statute: 
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1 .  overall  protection  of  human  health  and  the  environment; 

2.  compliance  with  ARARs; 

3.  long-term  effectiveness  and  pjcrmanence; 

4.  reduction  of  toxicity,  mobility,  or  volume; 

5.  short-term  effectiveness; 

6.  implement  ability; 

7.  cost; 

8.  State  acceptance;  and 

9.  community  acceptance  (USAF,  1992a:  5-61). 

Selection  of  the  appropriate  remedial  action  for  a  waste  contamination  site  has  typically 
been  driven  by  cost  and/or  technical  feasibility  (Edmisten-Watkin,  1991:  293). 

If  the  baseline  risk  assessment  indicates  that  it  is  necessary  to  remediate  a  waste 
contamination  site,  it  is  important  to  the  RPM  that  the  selection  process  for  remediation 
alternatives  considers  the  potential  human  health  and  ecological  risks  associated  with  the 
proposed  remediation  process.  In  some  instances,  the  risks  may  be  significant  when 
compared  to  the  baseline  conditions. 

The  significance  in  considering  potential  human  health  and  ecological  risks  in  the 
selection  of  remedial  alternatives  has  been  observed  in  an  increasing  number  of  cases  in 
which  the  remediation  of  waste  contamination  sites  created  public  health  concerns 
distinctly  different  than  the  risks  associated  with  the  baseline  conditions  (Edmisten- 
V/atkin,  1991:  294).  The  Washington  Post  reported  in  their  December  24,  1988  edition 
the  case  of  the  Rocky  Mountain  Arsenal  Superfund  site  where  "excessive  emissions 
during  excavation  forced  workers  to  evacuate  the  site  and  caused  ne.  j-by  residents  to 
complain  of  astringent  fumes"  (Edmisten-Watkin,  1991:  294).  At  a  number  of  other 
Superfund  sites,  the  EPA  has  rejected  remediation  actions  involving  excavation  after 
utilizing  public  health  risk  assessment  procedures  for  the  remedial  process. 

There  are  several  advantages  to  considering  public  human  health  and  ecological 
risks  prior  to  adopting  a  particular  remedial  alternative.  These  reasons  include: 

1 .  adverse  health  impacts  may  occur  as  a  result  of  exposure  to  the  chemicals 
during  the  remediation  process. 
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2.  human  or  environmental  exposure  to  chemicals  increases  the  liability  of  the 
potentially  responsible  party, 

3.  overall  costs  may  increase,  and 

4.  regulatory  concern  may  be  heightened  (Edmisten-Watkin,  1991;  294). 

Public  acceptance  of  a  remedial  proposal  will  minimize  if  a  chemical  exposure  has  the 
potential  to  occur.  Additionally,  these  concerns  will  capture  the  interest  of  the  media  and 
possibly  generate  negative  media  coverage  for  the  site  owner. 

Research  Problem 

In  conjunction  with  the  baseline  site  risk  assessment  performed  under  The  Agency 
for  Toxic  Substances  and  Disease  Registry  (ASTDR)  public  health  assessment  guidelines, 
the  only  measures  of  relative  risk  performed  during  the  Air  Force's  Installation 
Restoration  Program  are  the  Department  of  Defense's  Defense  Priority  Model  and  the 
EPA's  Hazard  Ranking  System  -  used  for  determining  if  a  site  is  eligible  for  the  National 
Priorities  List  under  the  Comprehensive  Environmental  Response,  Compensation,  and 
Liability  Act.  Both  methods  use  baseline  site  data  to  determine  the  relative  risk  of  the 
existing  waste  contamination  site  for  purposes  of  prioritization.  There  is  currently  no 
standard  to  assist  Air  Force  RPMs  in  the  evaluation  and  selection  of  a  remedial 
alternative  based  on  the  risk  associated  with  the  remediation  action  (Clendenin,  March 
1994).  To  assist  RPM's  decision  making  in  the  selection  of  safe  remedial  alternatives,  the 
Air  Force  needs  a  management  tool  to  assess  relative  risks  associated  with  remedial 
alternatives  under  consideration. 


Research  Objectives 

The  purpose  of  this  study  is  to  develop  a  metric  to  assist  Air  Force  RPMs  in  the 
selection  of  a  remedial  alternative  based  on  the  relative  risk  of  the  remediation  activity. 
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This  study  evaluates  the  application  of  existing  risk  assessment  techniques  to  quantify  the 
relative  risk  of  remediation  alternatives  and  select  the  alternative  with  the  lowest  relative 
risk.  Furthermore,  it  is  the  purpose  of  this  study  to  compare  the  remedial  alternative  with 
the  lowest  relative  risk  to  the  reduction  in  baseline  relative  risk  from  remedial  efforts.  If 
the  relative  risk  of  a  remedial  activity  is  greater  than  the  reduction  in  relative  risk  of  the 
contaminated  site,  a  different  remedial  alternative  is  desired. 

Scope  and  Limitations  of  Study 

The  site  characteristics  that  are  chosen  for  purposes  of  testing  the  relative  risk 
model  are  Air  Force  groundwater  sites  contaminated  with  VOCs  such  as  benzene,  ethyl 
benzene,  toluene,  and  xylene  -  fuels  and  solvents  being  the  most  common  contaminants 
found  on  Air  Force  installations  (Raymond,  1994).  Additionally,  groundwater  sites  are 
selected  because  the  most  common  area  of  concern  at  sites  on  the  EPA  Superfimd  list  is 
groundwater  contamination  (Schmelling  et  al.,  1992:  220).  Furthermore,  the  EPA  has 
estimated  that  VOCs  make  up  60%  of  all  sites  in  the  intermediate  term  market  (3-5  years) 
for  cleanup  (Foley,  1994).  The  technologies  most  commonly  associated  with  the  clean  up 
actions  of  the  waste  site  characteristics  (i.e.,  groundwater  contamination,  landfill,  surface 
impoundment,  spill,  waste  piles)  will  be  applied  to  the  established  methodology. 

Existing  methods  for  measuring  relative  risk  will  be  used  to  demonstrate  how  they 
can  be  used  to  assess  relative  risk  of  a  remedial  action.  It  is  not  the  focus  of  this  research 
to  evaluate  or  validate  the  methods  used  to  assess  risk  at  IRP  sites. 
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11.  LITERATURE  REVIEW 


The  Comprehensive  Environmental  Restoration.  Compliance,  and  Liability  Act 

The  Air  Force  established  the  Installation  Restoration  Program  (IRP)  to  address 
the  problems  of  contaminated  sites  that  pose  a  threat  to  public  health,  welfare,  and  the 
environment.  The  Air  Force  is  required  to  comply  with  the  Comprehensive 
Environmental  Restoration,  Compliance,  and  Liability  Act  of  1980  (CERCLA),  also 
known  as  the  "Superfund"  statute,  and  the  Superfund  Amendments  and  Reauthorization 
Act  of  1986  (SARA).  CERCLA  addresses  the  identification,  characterization  and,  when 
necessary,  the  cleanup  of  releases  of  hazardous  substances,  pollutants,  and  contaminants 
into  the  environment  from  inactive  hazardous  substances  sites  (Rudolph,  1993:  1-2). 

There  exists  a  number  of  significant  differences  regarding  the  CERCLA  process 
as  it  applies  to  Federal  agencies,  such  as  the  DoD,  versus  non-government  entities.  First, 
the  DoD,  instead  of  the  Environmental  Protection  Agency  (EPA),  is  the  "lead  agency"  at 
DoD  sites  under  Executive  Order  12580,  response  action  authority  delegated  by  the 
President.  The  Executive  Order  gives  Federal  agencies,  such  as  the  DoD,  primary 
responsibility  for  seeing  that  appropriate  investigations  and  response  actions  are  taken  at 
their  respective  sites.  Second,  the  "lead  agency"  status  gives  the  DoD  sole  authority  to 
select  remedial  actions  at  all  non-National  Priority  Listed  (NPL)  sites  located  on  DoD 
installations.  Remedy  selection  is  jointly  done  by  DoD  and  EPA  at  NPL  sites.  Third, 
Federal  facilities,  unlike  private  sector  facilities,  have  an  affirmative  duty  under  CERCLA 
to  search  for  potential  CERCLA  sites  (Rudolph,  1993:  1-9). 

Figure  1  illustrates  the  CERCLA  multi-step  remedial  action  process.  Any  and  all 
remediation  actions  are  initiated  by  a  Discovery  and  Notification  (D&N).  Releases  are 
characterized  according  to  information  obtained  during  record  searches  and  release 
reports  pursuant  to  CERCLA  reportable  quantities. 
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Figure  1.  The  CERCLA  Remedial  Action  Proceee  (USAF,  1992a:  3-17). 


Initial  evaluation  of  existing  information  begins  with  the  Preliminary  Assessment 
(PA).  Its  purpose  is  to  determine  whether  further  study  is  required  at  the  release  site. 

The  PA  describes  the  source  and  nature  of  release,  evaluates  threats  to  the  public  health 
and  welfare  and  environment,  and,  pending  a  no  further  action  (NFA)  decision, 
recommends  subsequent  steps  required  in  the  remedial  action  process  (USAF,  1992a:  1- 
4). 

The  third  step  is  the  Site  Inspection  (SI).  Remedial  SI  involves  the  sampling  of 
soil,  groundwater,  and  surface  water,  as  required  by  conditions  of  the  release.  The  report 
required  at  the  end  of  the  investigation  describes  known  contaminants  at  the  site, 
migration  pathways  for  the  contaminants,  and  receptors  at  or  near  the  end  of  the  site.  If, 
at  the  conclusion  of  the  SI,  it  is  determined  that  all  three  conditions  do  not  exist,  the  site 
may  be  eliminated  from  further  consideration.  However,  if  it  is  determined  that  a  site 
may  pose  a  threat  to  human  health  or  the  environment  and  a  remedial  action  may  have  to 
be  taken,  a  Remedial  Investigation/Feasibility  Study  should  be  undertaken.  Information 
gathered  during  the  SI  is  provided  to  the  EPA  and  is  used  to  evaluate  relative  risk  of  the 
release  under  the  EPA's  Hazardous  Ranking  System  (HRS).  Sites  with  a  score  of  28.5  or 
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greater  are  placed  on  the  National  Priorities  List  (NPL),  EPA’s  list  of  the  countries  most 
contaminated  sites.  (Rudolph,  1993:  1-5). 

The  Remedial  Investigation  (RI)  determines  the  nature  and  extent  of  the 
contamination  and  the  nature  and  extent  of  the  threat  to  human  health  and  environment. 

In  the  RI,  a  comprehensive  sampling  and  analysis  plan  is  prepared  and  enacted  to  insure 
enough  data  is  generated  to  make  decisions  about  site  and  waste  characteristics,  potential 
hazards,  and  applicable  treatment  options  (USAF,  1992a:  1-5).  In  conjunction  with  the 
RI,  remedial  action  alternatives  are  developed  and  screened  in  the  Feasibility  Study  (FS) 
to  address  the  threats  to  human  health  and  environment.  The  National  Contingency  Plan 
(NCP)  requires  the  establishment  of  remedial  action  objectives  and  remediation  goals  in 
the  development  of  remedial  alternatives  (Rudolph,  1993:  1-6).  At  the  conclusion  of  the 
RI/FS  stage,  a  Record  of  Decision  (ROD)  is  made  in  the  selection  of  the  remedial 
alternative.  Note,  a  no  further  action  (NFA)  decision  is  a  viable  remedial  alternative. 

The  site  information  gathered  during  the  PA/SI  and  RI/FS  process  is  used  to 
score  the  site  using  the  DoD  developed  system,  called  the  Defense  Priority  Model  (DPM). 
The  DPM  uses  relative  risk  to  prioritize  all  remedial  actions  under  consideration  at  DoD 
IRP  sites.  Priority  is  given  for  Remedial  Design/Remedial  Action  funding  based  on 
relative  risk  of  the  site.  The  purpose  of  DPM  is  to  address  funding  towards  the  "worst 
first."  It  would  be  to  a  RPM's  advantage,  at  this  stage  in  the  CERCLA  process,  to  have  a 
management  tool  at  their  disposal  to  assist  in  the  selection  of  a  remedial  alternative  by 
using  a  methodology,  such  as  the  DPM,  to  compare  the  relative  risks  associated  with  the 
various  remedial  alternatives  under  consideration.  The  purpose  of  this  study  is  to  provide 
such  a  tool. 

The  last  stage  of  the  remedial  action  process,  before  Close  Out,  is  Remedial 
Design/Remedial  Action  (RD/RA).  The  RD/RA  stage  is  the  execution  stage  of 
CERCLA.  The  RD  includes  establishing  information  requirements,  obtaining  design 
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information  from  the  base,  and  discussing  the  design  concept  with  a  contractor  (USAF, 
1992a:  1-6).  The  RA  is  the  implementation  of  the  cleanup  technology. 

"Site  Closure"  is  the  final  point  in  the  CERCLA  process  when  the  regulatory 
authority  no  longer  considers  a  site  to  be  a  threat  to  human  health  or  the  environment. 
Risk  Assessment 

As  can  be  seen,  the  CERCLA  remedial  action  process,  described  above,  relies 
heavily  on  risk  assessment  for  the  prioritization  of  clean-up  actions  based  on  the  relative 
threat  to  human  health  and  environment.  Risk  assessment  provides  the  scientific  data 
necessary  for  making  risk  management  decisions  (Masters,  1991:  191).  In  its  broadest 
sense,  risk  assessment  is  defined  as  "the  strict  technical  assessment  of  the  nature  and 
magnitude  of  risk"  (Shelley,  1993:  3).  There  are  a  variety  of  purposes,  applications,  and 
methods  for  assessing  risks  to  human  health  and  the  environment  throughout  the 
CERCLA  process.  The  various  applications  include  both  qualitative  and  quantitative 
methods  to  describe  risk.  Two  risk  measurements  utilized  in  the  CERCLA  process  are 
quantitative  risk  assessments  and  relative  risk  models  (Edwards,  1992:  7). 

Quantitative  Risk  Assessment.  Quantitative  risk  assessments  are  used  in  the 
estimation  of  excess  risk  or  adverse  impacts  of  contaminants  to  exposed  populations  and 
the  environment  (Edwards,  1992:7).  Risk  assessments  involve  four  steps:  hazard 
identification,  dose-response  assessments,  exposure  assessments,  and  risk 
characterization  (Shelley,  1993:  23).  Results  of  risk  assessments  focus  on  probability  of 
failure  (release)  and  severity  of  an  adverse  response  to  an  exposure  of  a  contaminant 
(Shelley,  1993: 43). 

The  Agency  for  Toxic  Substances  and  Disease  Registry  (ASTDR)  has  established 
public  health  assessment  guidelines  for  assessing  excess  risk.  However,  a  variety  of 
inferences  can  be  made  from  the  data  at  each  site  and  the  interpretation  of  the  ASTDR 
guidelines.  Methods  currently  used  for  quantitative  risk  assessment  are  controversial 
within  the  field  of  environmental  management.  Quantitative  risk  assessments  require 
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consolidating  highly  uncertain,  conflicting,  and  complex  ,  if  not  ambiguous,  data 
(Shelley,  1993:  6).  The  results  are  inferred  from  data  that  is  "extrapolated  well  beyond 
anything  actually  measured"  to  a  value  that  represents  the  excess  risk  to  a  certain 
population  (Masters,  1991:  191).  The  controversial  nature  of  the  science  of  risk 
assessment  as  well  as  public  concern,  economic  benefit,  and  political  influence  has  made 
it  difficult  to  use  as  a  consistent  method  for  quantitative  risk  assessment  (Shelley,  1993: 
7). 

Relative  Risk  Assessment.  Relative  risk  assessment  is  a  derivative  of 
comparative  risk  analysis.  Comparative  risk  analysis  is  a  procedure  for  ranking 
environmental  problems  by  their  seriousness  (relative  risk)  for  purposes  of  assigning 
priorities.  Typically,  a  problem  is  classified  by  it's  type  of  risk  -  cancer,  noncancer, 
health,  ecological  effects,  and  so  on.  The  relative  risk  of  a  problem  is  then  used  as  a 
factor  in  determining  what  priority  the  problem  should  receive.  (Cleland-Hamnett  et  al., 
1993:  19) 

The  principal  components  of  EPA’s  Superfund  program,  set  forth  in 
CERCLA/SARA  legislation,  required  EPA  to  develop  a  system  to  assess  the  relative 
degree  of  risk  to  human  health  and  the  environment  at  potentially  uncontrolled  release 
sites  (Rudolph,  1993:  4-2).  The  EPA  developed  the  HRS  to  quantify  the  relative  threat 
associated  with  actual  or  potential  releases  of  hazardous  substances.  The  HRS  is  EPA's 
primary  screening  tool  for  determination  of  placement  of  a  site  on  the  NPL.  Additionally, 
it  establishes  a  prioritized  list  of  sites  for  further  investigation  and  response  actions  under 
CERCLA  (USEPA,  1992:  1). 

As  was  previously  mentioned,  the  HRS  uses  data  generated  during  the  PA/SI 
phases  of  the  CERCLA  remedial  action  process.  The  HRS  is  designed  to  be  a  simple 
numerical  model  that  assigns  a  score  from  0  to  100  based  on: 
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1 .  The  likelihood  that  a  site  has  released  or  has  the  potential  to  release 
contaminants  into  the  environment  (or ,  for  the  soil  exposure  pathway, 
likelihood  of  exposure). 

2.  The  characteristics  of  the  waste  (toxicity  and  waste  quantity). 

3.  The  people  or  sensitive  environments  affected  by  the  release.  (USEPA, 
1990:  1) 

Any  site  scoring  28.50  or  greater  is  eligible  for  the  NPL. 

The  Defense  Priority  Model,  used  by  the  Air  Force,  evolved  from  the  Air  Force 
Hazard  Assessment  Risk  Model  (HARM),  a  relative  risk  model  which  was  used  in  the 
early  1980s  to  identify  IRP  sites  based  on  initial  investigations  conducted  at  potential 
sites.  The  DPM  was  developed  to  assist  Air  Force  and  DoD  managers  as  a  tool  to  aid  in 
making  funding  decisions  (USAF,  1992b:  1).  The  DoD  chose  not  to  adopt  the  EPA's 
HRS  model,  but  develop  their  own,  for  three  reasons: 

1.  the  HRS  evaluation  is  done  on  a  base-wide  basis  instead  of  by  site; 

2.  the  HRS  is  time  intensive;  and 

3.  the  HRS  is  not  as  good  of  a  model  as  the  DPM  in  determining  relative  risk 
of  sites  since  it  is  compared  to  a  threshold  of  28.5;  any  site  below  28.5  is  not 
considered  on  the  NPL  and  is  dropped  for  prioritization  (Edwards,  June  1994). 

Sites  prepared  for  remedial  action,  under  the  Air  Force  Installation  Restoration 
Program,  are  prioritized  by  the  DPM  risk  score  for  procurement  of  remedial  action 
funding.  The  DoD  policy  is  to  address  the  worst  sites  first. 

The  DPM  is  applied  after  extensive  site  specific  data  has  been  collected  during  the 
PA/SI.  The  data  is  used  to  generate  a  score  indicating  the  relative  risk  of  the  site  to 
human  health  and  the  environment  (USAF,  1992b:  1).  As  it  is  with  the  EPA's  HRS 
methodology,  the  DPM  calculates  relative  risk  by  considering: 

1 .  The  characteristics,  concentration  and  mobility  of  contaminants  found  at  the 
site  (hazards). 

2.  The  potential  for  contaminant  transport  through  the  environment  (pathways). 

3.  The  presence  of  potential  target  populations  (receptors).  (USAF,  1992b:  1) 
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All  three  must  be  present  to  score  the  risk  present  at  a  site.  If  any  one  of  the  three 
parameters  is  missing,  risk  at  the  site  will  not  be  present. 

The  DPM  is  considered  a  tool  in  Air  Force  environmental  management. 
Management  decisions  are  made  using  the  DPM  score  in  conjunction  with  additional 
information  such  as  mission  impact,  community  concerns,  regulatory  considerations,  and 
program  efficiencies. 

Short-term  vs.  Long-term  Risk.  Evaluation  of  human  health  risks  associated  with 
proposed  remedial  actions  has  generally  been  qualitative  in  nature,  even  though  the  EPA 
guidance  document  for  conducting  RI/FS  indicates  that  remedial  alternatives  need  to  be 
evaluated  against  both  short-term  and  long-term  risks  (Edmisten-Watkin  et  al.,  1991: 
293).  The  EPA's  Risk  Assessment  Guidance  for  Superfund:  Volume  I  -  Human  Health 
Evaluation  Manual  (Part  C.  Risk  Evaluation  of  Remedial  Alternatives^  (RAGS)  provides 
necessary  guidance  in  the  conducting  of  quantitative  risk  evaluations  for  remedial 
alternatives.  The  following  synopsis  of  short-term  and  long-term  risk  is  found  in  the 
RAGS. 

Long-term  human  health  risks  associated  with  a  remedial  alternative  are  those 
risks  that  exist  from  residuals  created  from  the  remediation  action  and  those  risks  that 
remain  from  the  incomplete  removal  of  contaminants  from  the  site,  or,  in  more 
appropriate  terms,  the  technology's  capability  of  meeting  preliminary  remediation  goals 
(PRGs)  (1991:  14).  Long-term  human  health  risks  are  considered  those  risks  that  remain 
after  the  remediation  action  is  completed. 

For  the  majority  of  risk  evaluations,  it  is  sufficient  for  the  analysis  to  simply 
indicate  whether  an  alternative  has  the  potential  to  achieve  the  PRGs  or  not.  However,  if 
more  detail  is  required  for  assessment  of  long-term  risk  associated  with  a  remedial 
alternative,  it  may  be  useful  to  compare  remedial  alternative's  capabilities  of  achieving 
PRGs,  whether  one  may  be  able  to  surpass  PRGs,  or  whether  one  may  be  able  to 
accomplish  the  goal  in  a  shorter  time  frame  (1991:  14). 
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In  addition,  consideration  for  long-term  human  health  risks  must  also  be  given  for 
remedial  technologies  that  may  degenerate  existing  contaminants  into  new  contaminants 


of  concern  that  were  not  present  at  the  site  before  remedial  actions  were  implemented 
(1991:  9).  A  RPM  will  be  required  to  evaluate  the  risk  associated  with  the  new 
substances. 

Short-term  health  risks  are  generally  associated  with  the  existing  baseline  risk  of 
the  contaminant  site,  established  in  CERCLA  PA/SI  phase,  plus  any  new  risks  that  would 
occur  while  implementing  the  remedial  action.  Short-term  risk  exists  during  the  lifetime 
of  the  remedial  action  and  involves  the  evaluation  of  potential  short-term  risk  to:  (1) 
neighboring  populations,  and  (2)  onsite  workers  associated  with  the  remediation  (1991: 
15).  Figure  2  illustrates  the  short-term  and  long-term  risk  factors  associated  with  a 
remedial  action. 


Short-tBrm  Risk  Factors _ 

*  Population  at  Risk 

•  Neighboring  populations 

•  Onsite  workers  associated  with  remediation 

*  Contaminants  Treated 

•  Toxic  properties 

*  Release  Sources 

-  Fugitive  gas/volatlles/jpartlculates 

-  Fugitive  dust 

-  Leachate/seepage/runoff/dlscharge 

*  Media  Exposure 


Long-term  Risk  Factors _ 

*  Residual  Risks 

-  Treatment  residuals  (S,L,V) 

-  Technology  efficiency 
(concentration  of  contaminants 
remaining  after  remediation) 


Remediation 

Action 


Long-term  human  health  risks 
associated  with  a  remedial  alternative 
are  those  risks  that  will  remain  after 
the  remedy  Is  complete. 


Short-term  human  health  risks  associated  with  a  remedial 
alternative  are  those  risks  that  occur  during  Imolamentatlon 
of  the  remedial  aKsrnatlve. 


Figure  2.  Factors  Driving  Relative  Risk  of  a  Remedial  Action 
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Potential  Significant  Releases 


The  important  difference  between  the  baseline  site  risk  assessment  and  the  risk 
evaluation  of  the  remedial  alternative  involves  the  exposure  sources  (1991:  16).  The 
untreated  site  contamination  is  the  source  of  exposure  for  the  baseline  risk  assessment; 
whereas,  for  remedial  alternatives,  the  potential  sources  of  exposure  are  those  releases 
that  occur  from  implementation  of  remedial  technologies.  Figure  3  illustrates  an  example 
of  an  exposure  for  the  pump  and  treat  remediation  of  groundwater  contaminated  with 
volatile  organic  compounds  (VOCs)  such  as  benzene,  ethyl  benzene,  toluene,  and  xylene 
(BETX)  -  compounds  found  in  petroleum  products.  With  the  understanding  that  an 
alternative  water  source  is  provided  to  the  population  affected  by  the  contamination. 
Figure  3  depicts  how  fugitive  VOCs,  released  into  the  air  medium,  are  carried  by 
prevailing  winds  to  the  nearby  population.  As  a  consequence,  failure  to  completely 
capture  VOCs  through  air  stripping  leads  to  a  short-term  human  health  risk  not  previously 
present. 


site 


Figure  3.  Illustration  of  an  Exposure  Pathway  for  Remedial  Action. 
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Appendix  A  provides  a  listing  established  by  the  EPA  of  all  potential  significant 
releases  associated  with  each  remediation  technology  on  pages  52  to  56.  The  primary 
potential  signiEcant  releases  associated  with  the  air  medium  are  fugitive  emissions  of 
particulates  and/or  VOCs  and  stack  emissions  containing  VOCs,  metals,  particulates,  and 
products  of  incomplete  combustion.  Primary  potential  significant  releases  associated 
with  the  groundwater  medium,  in  general,  are  seepage  and  leaching,  but  they  can  also 
contaminate  surface  water.  Runoff  and  discharge  are  potential  significant  releases 
associated  with  surface  water,  however,  they  may  also  contaminate  groundwater.  Other 
potential  significant  releases  that  may  be  associated  with  a  remedial  action  are  seepage  or 
runoff  to  nearby  soil,  disposal  of  ash  and  other  solid  residues,  disposal  of  sludge  residues, 
disposal  or  regeneration  of  spent  activated  carbon,  possible  solvent  residuals  in  treated 
soils,  and  disposal  of  backwash  or  cleaning  residues.  (1991:  37-41) 
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III.  METHODOLOGY 


This  study  investigates  the  use  of  an  established  risk  model  to  determine  the 
applicability  of  establishing  the  relative  risks  associated  with  remedial  actions  for 
purposes  of  selecting  the  remedial  alternative  with  the  lowest  relative  risk.  The  purpose 
of  remedial  actions  at  IRP  sites  typically  involves  reducing  the  volume  of  the 
contaminants  and/or  limiting  the  potential  for  the  contaminants  to  be  transported. 
However,  the  remedial  action  itself  may  also  create,  or  increase,  the  potential  for 
contaminants  to  be  transported  to  a  medium  through  release  mechanisms  not  present 
under  baseline  conditions. 

As  remedial  operations  are  put  into  action  and  progress  is  made  towards  cleaning 
up  a  site,  the  various  factors  used  to  measure  risk  change.  A  current  risk  model  used  in 
the  IRa  process  to  measure  risk  was  selected  to  asses  the  relative  risk  of  contaminated 
sites  under  remedial  conditions.  The  model  selected  should  reflect  changes  in  the 
environmental  risk  of  a  site  as  inputs  for  contaminant  levels,  transport  pathways,  and 
physical  site  characteristics  are  influenced  by  the  remedial  action. 

To  evaluate  the  model's  application  as  a  tool  to  assess  the  relative  risk  of  a 
remedial  action,  two  investigative  objectives  were  carried  out: 

1 .  Identify  the  input  variables  to  the  model  that  can  be  changed  or  affected  by 
the  remedial  action. 

2.  Rescore  sample  Air  Force  sites  by  changing  the  variable  input  parameters  to 
reflect  environmental  conditions  under  a  remedial  action. 

The  purpose  of  rescoring  the  Air  Force  sites  was  to  investigate  the  model's 
sensitivity  to  the  input  parameters  that  can  be  altered  by  the  remedial  action. 

Furthermore,  it  was  desired  to  investigate  the  sensitivity  of  the  model's  scores  to  the 
varying  site  characteristics  found  at  each  base,  and  each  individual  site  thereon.  The 
intent  of  this  effort  was  to  determine  if  the  risk  of  a  remedial  action  can  be  measured  with 
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the  model.  The  scores  of  the  selected  Air  Force  sites  were  compared  against  each  other  to 
evaluate  patterns  associated  with  the  three  components  of  the  risk  model  -  pathway 
parameters,  contaminant  hazard  parameters,  and  receptor  parameters.  It  was  not  the  focus 
of  this  research  to  validate  the  methods  used  by  the  model  selected  to  calculate  risk  at 
contaminated  sites. 

Once  the  risk  model  was  selected,  sample  Air  Force  IRP  sites  were  chosen  to 
measure  the  risk  of  an  established  (constant  spill  characteristics)  contaminated  site  under 
remedial  conditions.  The  sample  IRP  sites  were  chosen  from  sites  where  environmental 
conditions  had  previously  been  assessed  using  the  selected  risk  assessment  model. 
Furthermore,  it  was  desired  to  choose  sites  that  would  fairly  represent  the  different 
geographical  conditions  existing  throughout  Air  Force  installations.  Each  site  was 
rescored  by  changing  the  variable  input  parameter(s)  under  consideration  to  reflect  the 
environmental  site  conditions  during  remediation. 

The  following  chapters  go  into  more  detail  of  the  methodology  performed  for  this 
research.  Chapter  IV  describes  the  scoring  methodology  of  the  model  selected.  The 
methodology  performed  to  identify  the  input  parameters  influenced  by  remedial  actions  is 
described  in  Chapter  V,  and  results  and  analysis  of  the  model’s  application  to  remedial 
actions  is  discussed  in  Chapter  VI. 
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IV.  QUANTIFICATION  OF  RELATIVE  RISK  OF  REMEDIAL  ACTION 


Introduction 

The  DPM  is  used  by  the  Air  Force  and  DoD  to  prioritize  IRP  sites  for  remedial 
action  based  on  the  relative  risk  to  human  health  and  the  environment.  The  application  of 
DPM  to  measure  relative  risk  of  a  remedial  action  will  be  investigated.  The  DPM  was 
selected  for  this  research  because  the  Air  Force  currently  uses  the  model  to  assess  the 
relative  risk  of  all  IRP  sites  ready  for  the  RD/RA  phase  and  not  just  those  for  NPL 
considerations.  Additionally,  the  DoD  believes  that  DPM  provides  a  rational 
methodology  for  indicating  a  site's  relative  risk  to  human  health  and  the  environment  and 
has  established  this  risk-based  approach  as  an  operating  principle  in  Federal  Facility 
Agreements  for  site  cleanups  with  the  EPA,  and  in  Defense  and  State  Memoranda  of 
Agreement's  (USAF,  1992b:  1).  The  following  detailed  description  of  DPM  is  referenced 
from  pages  21  to  30  of  Edwards'  1992  thesis  and  describes  how  the  model  is  used  to 
measure  the  relative  risk  of  a  remedial  action. 

Defense  Priority  Model  (DPMI 

As  was  previously  mentioned  in  the  literature  review,  the  DPM  was  developed  to 
assist  Air  Force  and  DoD  managers  in  establishing  priorities  for  funding  remedial  actions 
at  IRP  sites.  The  DPM  provides  a  method  to  generate  a  score  from  data  collected  during 
the  PA/SI  and  RI  of  an  IRP  site  and  rank  the  potential  threat  to  human  health  and  the 
environment.  The  DPM  score  provides  a  common  measuring  stick  within  the  Air  Force 
which  represents  the  relative  environmental  risk  of  a  site  (Clendenin,  18  May  94).  The 
following  is  a  brief  discussion  on  the  history  of  the  development  of  the  DPM  and  an 
explanation  of  the  methodology  used  to  calculate  relative  risk  scores  for  IRP  sites. 

History.  Work  began  on  the  modem  day  DPM  methodology  in  1984  when  the  Air 
Force  recognized  the  need  for  a  defensible  methodology  for  ranking  hazardous  waste 
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containing  sites  in  need  of  cleanup.  The  basic  philosophy  and  methodology  was  initially 
developed  for  the  Air  Force  Hazard  Assessment  Risk  Model  (HARM).  The  HARM  was 
used  during  the  site  identification  stages  of  the  IRP  to  evaluate  potential  sites  for  further 
consideration  in  the  cleanup  process.  An  arbitrary  HARM  score  was  chosen  to  delineate 
which  potential  sites  would  be  identified  as  IRP  sites  and  continue  with  the  cleanup 
program  (1992:  22).  The  original  HARM  model  was  then  evaluated  and  tested 
extensively  by  a  number  of  reviewers  and  the  results  led  to  significant  modifications  and 
the  development  of  HARM  II  (USAF,  1992b:  9). 

HARM  and  HARM  II  were  developed  for  the  Air  Force  under  an  interagency 
agreement  with  Department  of  Energy  at  the  Oak  Ridge  National  Laboratory  (USAF, 
1992b:  9).  The  algorithms  and  inputs  for  the  model  were  initially  encoded  using  expert 
systems  technology,  but  limitations  to  the  expert  systems  required  adaptation  of  the 
model  to  a  computerized  Artificial  Intelligence  (AI)  application  software  (USAF,  1992b: 
10). 

In  1987,  the  EPA  reviewed  HARM  n  along  with  several  other  site  rating  models 
to  determine  a  starting  point  for  revisions  in  their  HRS.  Their  decision  was  to  continue  to 
develop  HRS;  however,  they  were  able  to  identify  shortcomings  in  the  HARM  n  that  led 
to  further  revisions  in  the  model.  In  November  of  1987,  the  Secretary  of  Defense 
proposed  use  of  the  model  for  ranking  DoD  sites  for  remedial  action  under  the  Defense 
Environmental  Restoration  Program  (DERP).  HARM  II  was  renamed  DPM  and  DoD 
continued  with  the  development  of  the  model.  (USAF,  1992b:  9-10) 

DoD  formally  announced  their  intentions  on  using  the  model  to  establish  a  risk 
based  priority  for  allocation  funds  in  the  Federal  Register  and  solicited  comments  on  the 
HARM  II  methodology.  Comments  were  received  from  the  Association  of  State  and 
Territorial  Solid  Waste  Management  Officials,  three  states,  and  the  EPA.  A  formal 
response  was  provided  by  DoD  and  the  comments  were  incorporated  into  DPM  (USAF, 
1992b:  3).  The  first  version  (Version  2.0)  of  the  DPM  was  released  for  use  by  DoD  in 
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1989.  Inputs  have  been  actively  sought  on  an  annual  basis  from  the  Military  Services  as 
well  as  from  individual  users.  Version  3.0  and  Version  FY92  have  subsequently  been 
released  to  incorporate  additional  comments  received  from  EPA  and  the  states  during 
their  review  of  the  earlier  versions  (1992:  23).  Additionally,  the  FY94  (Quick  DPM)  is 
just  being  released  to  AF  installations  at  the  time  of  writing. 

DPM  Methodology  and  Structure.  The  DPM  provides  a  numerical  score 
representative  of  relative  risk.  The  relative  risk  score  is  a  function  of  three  factors:  the 
characteristics,  concentration  and  mobility  of  contaminants  found  at  the  site  (hazards), 
the  potential  for  contaminant  transport  through  the  environment  (pathways),  and  the 
presence  of  potential  target  populations  (receptors).  All  three  must  be  present  to  score  a 
site  (USAF,  1992b:  1).  The  DPM  is  made  up  of  three  segments  to  address  each  factor 
addressed  above.  Scores  are  first  generated  within  each  segment.  Subscores  are  then 
calculated  for  each  of  eight  combinations  of  potential  transport  pathways  and  potential 
receptors  (ODASD(E),  1992:1).  The  final  score  is  calculated  by  weighing  and  combining 
the  subscores  using  a  weighted  root-mean-square  algorithm  (ODASD(E),  1992:  133). 

The  methodologies  for  scoring  each  segment  of  the  DPM  are  briefly  discussed 
below.  The  segments  are  described  in  the  order  in  which  data  is  input  into  DPM.  First, 
the  pathway  segment  is  scored.  Second,  contaminant  hazard  scores  are  calculated  for 
each  pathway;  and  finally,  the  potential  receptors  segment  is  scored.  Figure  4  illustrates 
the  methodology  used  to  calculate  the  DPM  score  for  a  site.  The  final  section  provides  a 
description  of  the  algorithm  used  for  the  computation  of  the  final  score.  The  complete 
algorithm  for  calculation  of  a  DPM  score  is  provided  in  Appendix  B  on  pages  57  to  68. 

Scoring  Pathways.  The  pathways  portion  of  the  DPM  methodology  rates 
the  potential  for  contaminants  from  a  waste  site  to  enter  each  pathway.  Four  contaminant 
transport  pathways  are  considered  by  the  model.  The  pathways  are  surface  water 
pathway,  groundwater  pathway,  air/soil  volatiles  pathway,  and  air/soil  dust  pathway.  A 
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Figure  4.  DPM  Model  Segments  and  Scoring  Order  ( US AF,  1992b:  2). 


separate  score  is  calculated  for  each  pathway;  the  higher  of  the  two  air/soil  pathway 
scores  is  used  in  the  final  computation  (USAF,  1992b:  2). 

Three  components  of  information  regarding  conditions  existing  at  the  waste  site 
are  used  to  calculate  each  pathway  score.  The  first  type  of  information  relates  to  the 
potential  for  contaminants  to  enter  the  pathway  given  the  physical  characteristics  of  the 
pathway  (USAF,  1992b:  2).  Various  input  parameters  for  each  of  the  four  pathways 
indicate  the  relative  potential  for  the  contaminant  to  enter  the  respective  pathways 
(ODASD(E),  1992:  G1-G4).  The  second  component  is  the  "waste  containment 
effectiveness  factor."  This  factor  "adjusts  the  pathways  score  to  account  for  the 
effectiveness  of  engineered  barriers  or  clean-up  actions  in  reducing  the  potential  for 
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contaminant  transport  along  a  particular  pathway"  (ODASD(E),  1992:  26).  Values  range 
from  0.1  to  1.0  with  a  0.1  signifying  optimum  containment  and  a  1.0  signifying  little  or 
no  effective  containment  (ODASD(E),  1992:  26).  The  third  component  is  the  amount  of 
contaminant(s)  present  or  the  "waste  quantity  factor"  associated  with  the  site 
(ODASD(E),  1992:  26). 

The  DPM  uses  two  different  methodologies  for  scoring  each  pathway  depending 
on  whether  there  has  been  a  detected  release  (measured)  or  a  non-detected  release 
(potential)  of  a  contaminant(s)  into  the  respective  pathway.  If  a  detected  release  is 
observed  in  a  transport  medium,  the  potential  for  the  contaminant(s)  to  enter  the 
respective  pathway  is  scored  a  100  (maximum  normalized  score).  The  input  parameters 
for  the  physical  characteristics  of  the  pathway  are  then  skipped  for  the  case  of  a  detected 
release  because  the  potential  is  established  as  100%.  The  scores  for  the  waste 
containment  effectiveness  and  waste  quantity  factors  are  summed  and  normalized  to 
provide  the  overall  score  for  the  pathway  (ODASD(E),  1992:  G1-G4). 

Non-detected  releases  are  established  based  on  the  absence  of  chemical  data.  The 
input  parameters  to  the  physical  characteristics  of  the  pathway  are  used  to  score  the 
potential  for  a  contaminant  to  enter  the  pathway.  The  resulting  characteristic  score  is 
normalized  and  then  multiplied  by  the  normalized  sum  of  the  waste  containment 
effectiveness  and  waste  quantity  factors  to  provide  the  overall  score  for  the  pathway 
(ODASD(E),  1992:  G1-G4).  A  copy  of  the  algorithm  for  scoring  the  pathways  segment 
of  the  DPM  by  hand  is  located  in  Appendix  B. 

Scoring  Contaminant  Hazard.  The  contaminant  hazard  scoring  segment  of 
the  DPM  rates  the  human  health  hazards  and  the  ecological  hazards  of  the  identified 
contaminant(s)  at  the  site.  Eight  separate  hazard/pathway  scores  are  calculated: 

1 .  human  health  hazards  of  surface  water  contaminants, 

2.  ecological  hazards  of  surface  water  contaminants, 

3.  human  health  hazards  of  groundwater  contaminants, 

4.  ecological  hazards  of  groundwater  contaminants. 


21 


5.  human  health  hazards  of  air/soil  volatile  contaminants, 

6.  ecological  hazards  of  air/soil  volatile  contaminants, 

7.  human  health  hazards  of  air/soil  dust  contaminants,  and 

8.  ecological  hazards  of  air/soil  dust  contaminants.  (ODASD(E),  1992:  71) 

The  DPM  calculates  hazard/pathway  scores  differently  depending  on  whether  a 
contaminant  has  been  detected  (measured)  for  the  respective  pathway.  For  media  in 
which  contamination  has  been  detected,  the  concept  of  Average  Daily  Intake  (ADI)  is 
used  for  scoring  human  health  hazards.  The  detected  concentration  of  a  contaminant  is 
first  converted  to  a  daily  intake  and  then  divided  by  the  benchmark  ADI  for  the 
contaminant.  A  quotient  is  calculated  for  each  contaminant  and  then  summed  to  provide 
a  score  for  the  surface  water  and  air/soil  pathways.  A  hazard  quotient  greater  than  one  is 
considered  to  represent  a  threat.  The  same  procedure  applies  to  the  groundwater  pathway, 
but  the  quotients,  in  this  case,  are  divided  by  derived  retardation  factors  calculated  for  the 
respective  contaminants  and  then  summed  to  provide  the  human  health  hazard  score 
(ODASD(E),  1992:  71). 

An  analogous  procedure  is  used  for  the  calculation  of  detected  ecological  health 
hazards.  The  observed  concentrations  are  divided  by  appropriate  benchmark 
concentrations  for  ecological  receptors  in  the  respective  pathways  and  the  quotients  are 
summed  (ODASD(E),  1992:  71). 

All  contaminants  known  to  be  present  at  a  site  are  considered  in  calculating  the 
total  human  health  and  ecological  hazard  scores  for  both  surface  water  and  groundwater 
pathways.  According  to  the  DPM  user's  manual,  a  contaminant  is  known  to  be  present  at 
a  site  if: 

1.  it  is  a  principal  component  of  the  materials  that  were  placed  or  spilled  on  the 
site, 

2.  it  has  been  detected  in  a  chemical  analysis  of  site  soils  at  a  level  that  represents 
an  increase  above  background,  or 

3.  it  is  visible  at  the  site,  but  no  determination  of  concentration  has  been  made. 
(ODASD(E),  1992:  82, 92) 
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For  media  in  which  contamination  has  not  been  detected,  human  health  hazard 
scores  are  calculated  based  on  the  maximum  ADI.  Ecological  hazard  scores  are 
calculated  based  on  the  benchmarks  for  toxicity  for  the  appropriate  ecological  receptors 
(ODASD(E),  1992:  71).  The  contaminant  hazard  scores  are  set  to  zero  for  no  detectable 
concentrations  of  contaminants  for  the  air/soil  volatile  and  air/soil  dust  pathways 
(ODASD(E),  1992:  G-7,  G-8). 

Scoring  Receptors.  The  receptors  portion  of  DPM  rates  the  potential  for 
human  and  ecological  resources  to  be  exposed  to  contaminants  released  from  a  waste  site. 
The  model  calculates  scores  for  six  types  of  receptors: 

1.  human  health  receptors  of  surface  water  contaminants, 

2.  ecological  receptors  of  surface  water  contaminants, 

3.  human  health  receptors  of  groundwater  contaminants, 

4.  ecological  receptors  of  groundwater  contaminants, 

5.  human  health  receptors  of  air/soil  contaminants,  and 

6.  ecological  receptors  of  air/soil  contaminants  (ODASD(E),  1992:  109). 

The  human  health  and  ecological  receptors  for  the  air/soil  pathway  are  scored  only  once 
for  both  the  air/soil  dust  and  air/soil  volatile  pathways  (ODASD(E),  1992:  109).  Factors 
such  as  the  size  and  proximity  of  nearby  populations  and  use  of  surface  and  groundwater 
are  considered  in  human  health  scoring.  The  proximity  of  critical  habitats  and/or 
sensitive  populations  is  used  for  ecological  receptor  scoring  (USAF,  1992b:  2). 

Combining  Segment  Scores.  The  pathway,  hazard,  and  receptor  scores  for 
each  pathway-hazard-receptor  combination  are  multiplied  to  generate  eight  subscores. 

The  products  of  each  segment  score  are  normalized  to  a  100-point  scale  and  equally 
weighted  (ODASD(E),  1992:  133).  Figure  5  provides  the  algorithm  for  calculation  of  the 
eight  subscores.  The  most  conservative  subscore  between  the  human  health  subscore  and 
ecological  subscore  for  both  the  air/soil  volatile  and  air/soil  dust  scores  is  used  for  the 
final  human  health  and  ecological  air/soil  pathway  scores  (ODASD(E),  1992:  G-12). 
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1  The  higher  of  these  two  ecoree  le  used  In  the  final  computation. 

2  The  higher  of  these  two  scores  Is  used  In  the  final  computadon. 


Figure  5.  Algorithm  to  Calculate  DPM  Scores  (Edwards,  1992:  28). 


Calculating  the  Final  Score.  The  six  pathway-receptor  subscores  are  combined 
for  the  final  score.  The  surface  water-human  health,  groundwater-human  health,  and 
air/soil-human  health  subscores  are  weighted  five  times  more  than  their  respective 
ecological  receptor  subscores.  These  weighing  factors  "  reflect  the  general  indication  of 
concern  in  national  environmental  regulatory  policy  regarding  the  relative  importance  of 
human  health  versus  ecological  risks."  (Edwards,  1992;  29) 

The  weighted  root-mean-square  algorithm  is  used  to  obtain  the  final  relative  risk 
score  for  the  site: 

22  2  2  2  2 

Sf  =  [5(S8,h)  +  (S«,e)  +  5(Sg,h)  +  (Sg,e)  +  5(Sa,h)  +  (Sa,e)  ] 

4.24 

where  Sf  =  overall  site  score  and  Sg  jj,  Sg  h.  Sg  g,  Sa,h>  Sa,e  =  scores 
for  the  surface  water-human  health,  surface  water-ecological,  groundwater-human 
health,  groundwater-ecological,  air/soil-hi  man  health,  and  air/soil  ecological 
pathway-receptor  combinations  (ODASD(.E),  1992;  133). 
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The  root-mean-square  methodology  is  an  exponential  algorithm.  When  a  score  for  a 
single  pathway-receptor  is  high,  the  algorithm  will  subsequently  result  in  a  high  score.  If 
additional  subscores  are  high,  the  final  score  will  increase,  but  not  linearly.  This 
methodology  increases  the  importance  of  a  single  high  pathway-receptor  subscore  on  the 
final  risk  score  (Edwards,  1992:  29). 
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V.  MEASUREMENT  OF  RELATIVE  RISK  OF  REMEDIAL  ACTION 


As  remedial  operations  are  put  into  action  and  progress  is  made  towards  cleaning 
up  a  site,  input  parameters  to  the  DPM  related  to  the  volume,  containment,  and  potential 
transport  of  the  contaminants  will  change.  The  DPM  score  should  reflect  a  change  in 
relative  risk  as  inputs  for  contaminant  levels,  containment  effectiveness,  and  transport 
pathways  are  effected. 

Six  Air  Force  IRP  sites  were  selected  as  sample  sites  for  this  study.  Each  site  was 
selected  to  represent  different  geographical  conditions  present  at  installations  throughout 
the  United  States.  Site  1  was  chosen  from  an  installation  in  the  Midwest,  Site  2  was 
chosen  from  an  installation  located  in  Alaska,  Site  3  was  chosen  from  an  installation 
located  at  a  high  elevation.  Site  4  was  chosen  from  an  installation  located  in  the  Southeast 
near  a  large  body  of  water.  Site  5  was  chosen  from  an  installation  located  in  the 
Southwest,  and  Site  6  was  chosen  from  an  installation  located  in  the  Northwest.  These 
installations  were  selected  because  the  site  inputs  used  to  generate  the  scores  were 
reviewed  by  Engineering-Science,  Inc.,  contracted  by  HQ  USAF/CEVR  for  the  scoring  of 
Air  Force  IRP  sites  using  DPM.  Engineering-Science,  Inc.,  with  permission  of  HQ 
USAF/CEVR,  provided  the  installation  data  for  the  sample  sites  used  in  this  research. 

The  sample  sites  were  scored  using  the  latest  version  of  the  automated  DPM  (ADPM94), 
provided  by  645  ABW/EMR,  Wright-Patterson  AFB. 

To  evaluate  the  DPM's  application  as  a  tool  to  assess  the  relative  risk  of  a 
remedial  action,  two  investigative  objectives  were  carried  out: 

1 .  Identify  the  input  variables  to  the  DPM  that  can  be  changed  or  affected  by  the 
remedial  action;  and 

2.  Rescore  the  six  selected  Air  Force  sites  by  changing  the  variable  input 
parameter(s)  to  reflect  environmental  conditions  during  a  remedial  action. 
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Identify  Inputs  That  Can  Be  Changed.  The  DPM  has  approximately  100  input 
parameters  to  calculate  a  risk  score  for  an  IRP  site.  The  first  step  was  to  examine  the 
input  parameters  as  they  are  separated  into  the  three  components  of  the  risk  model  - 
pathway  parameters,  contaminant  hazard  parameters,  and  receptor  parameters. 

Pathway  Parameters.  The  pathway  parameters  can  be  separated  into  two 
categories.  The  first  category  is  parameters  that  cannot  be  affected  by  remedial  actions. 
Examples  of  these  parameters  include  input  values  related  to  the  climate,  demographics, 
and  geology  of  the  site.  It  is  expected  that  the  uniqueness  of  the  physical  characteristics 
for  each  site  will  cause  the  DPM  score  to  vary  from  one  site  to  another  for  sites  with 
similar  contaminant  conditions.  The  second  category  of  pathway  parameters  is  those 
parameters  that  can  be  affected  by  remedial  actions.  These  parameters  include  the  surface 
erosion  potential  and  flooding  potential  for  the  surface  water  pathway,  and  the  site 
activity  for  the  air/soil  dust  pathway. 

For  scoring  the  flooding  potential  at  a  site,  the  DPM  user’s  manual  states  that  the 
"[fjlooding  potential  is  a  measure  of  the  potential  for  contaminants  to  be  transported  by 
flood  waters.  Flooding  potential  is  determined  by  the  frequency  of  inundation  due  to: 
stream  flooding,  coastal  flooding,  high  lake  levels,  or  other  causes"  (ODASD(E),  1992: 
25).  It  is  assumed  that  the  flooding  potential  refers  to  the  site's  location  in  a  flood  plain. 
Since  regional  flood  plains  would  likely  not  be  changed  by  remedial  activities  this  would 
not  allow  changing  the  input  for  the  flooding  potential.  However,  remedial  measures 
could  be  taken  to  eliminate  the  potential  for  contaminants  to  be  transported  as  a  result  of 
flooding.  Therefore,  for  this  research  the  input  for  flooding  potential  for  the  rescored 
sample  sites  was  set  to  the  lowest  potential  for  contaminant  transport  as  a  result  of 
flooding. 

In  addition  to  the  site  physical  characteristics,  two  other  components  are  important 
in  the  calculation  of  the  pathways  segment  score  of  the  DPM  -  the  waste  containment 
effectiveness  factor  for  each  pathway  and  the  waste  quantity  factor.  The  waste 
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containment  effectiveness  factor  "adjusts  the  pathways  score  to  account  for  the 
effectiveness  of  engineered  barriers  or  clean-up  actions  in  reducing  the  potential  for 
contaminant  transport  along  a  particular  pathway"  (ODASD(E),  1992:  26).  Values  range 
from  0. 1  to  1 .0  with  a  0. 1  signifying  optimum  containment  and  a  1 .0  signifying  little  or 
no  effective  containment  (ODASD(E),  1992:  26).  It  is  expected  that  containment  will  be 
the  critical  factor  in  the  calculation  of  relative  risk  for  a  remedial  action.  If  the  remedial 
activities  lesson  the  effectiveness  of  containment  at  a  site,  it  is  highly  possible  that  the 
risk  of  the  remedial  activity  will  be  greater  than  the  risk  of  the  baseline  contamination 
site.  Appendix  C  provides  a  complete  listing  on  pages  69  to  83  of  the  waste  containment 
effectiveness  factors  of  the  four  pathways  for  each  waste  type. 

The  third  component  is  the  amount  of  contaminant(s)  present  or  the  waste 
quantity  factor  associated  with  the  site.  The  amount  of  waste  present  can  greatly  affect 
the  risk  posed  by  a  site.  The  quantity  of  the  waste  is  estimated  using  the  measures 
provided  in  the  waste  quantity  factors  tables,  located  in  Appendix  C,  for  all  site  types 
other  than  landfills.  The  waste  quantity  values  for  sites  affected  by  a  spill  are: 

Quantity  of  Waste  Score 

<2,000  gal  0.1 

2,000  to  10,000  gal  0.3 

>  10,000  to  50,000  gal  0  7 

>  50,000  gal  1  0  fODASD(E),  1 992:  33). 

The  waste  quantity  does  not  have  to  be  precisely  measured;  the  goal  of  the  DPM  is  to 
differentiate  between  a  small,  moderate,  or  large  amount  (ODASD(E),  1992:  26). 

Hazard  Parameters.  The  contaminant  hazard  scoring  segment  of  the  DPM 
rates  the  human  health  hazards  and  the  ecological  hazards  of  the  identified  contaminant(s) 
at  the  site  for  each  of  the  four  pathways.  Scoring  human  health  hazards  is  done  using  the 
concept  of  Average  Daily  Intake.  Ecological  hazard  scores  are  calculated  based  on  the 
benchmarks  for  toxicity  for  the  appropriate  ecological  receptors.  As  was  mentioned 
above  in  the  pathway  parameters,  not  only  does  the  amount  of  waste  present  affect  the 
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risk  posed  by  a  site,  but  also  the  concentration  and  toxicity  of  the  waste.  This  research 
will  examine  the  effect  the  presence  of  carcinogen  and  non-carcinogen  contaminants  have 
on  the  DPM  score  and  will  further  examine  the  effect  of  varying  their  concentrations. 

Receptor  Parameters.  Receptor  parameters  are  similar  to  the  pathway 
parameters  in  that  they  can  be  separated  into  two  categories.  The  first  category  is 
parameters  that  cannot  be  affected  by  remedial  actions,  but  will  make  an  impact  on  the 
site  score  due  to  the  uniqueness  of  each  site.  These  parameters  include  such  factors  as 
importance/sensitivity  of  biota/habitats,  groundwater  travel  time  to  supply  wells  and 
surface  water,  and  populations  within  4  miles  of  the  site.  The  second  category  is  the 
receptor  parameters  that  can  be  affected  by  remedial  actions.  Such  parameters  include 
population  drinking  from  surface  water  and  population  potentially  at  risk  from 
groundwater  contamination. 

Rescore  IRP  Sites.  The  purpose  of  rescoring  the  Air  Force  sites  is  to  investigate 
the  DPM's  sensitivity  to  the  input  parameters  that  can  be  altered  by  the  remedial  action 
and  to  investigate  the  sensitivity  of  the  DPM's  scores  to  the  varying  site  characteristics 
found  at  each  base,  and  each  individual  site  thereon.  Each  site  was  rescored  by  changing 
the  variable  input  parameters  to  reflect  environmental  conditions  under  remedial  action. 
Each  variable  was  changed  to  the  most  accurate  environmental  condition  considered  by 
the  DPM  for  the  parameter  under  remedial  conditions. 

A  contamination  site  scenario  was  selected  for  purposes  of  sensitivity  analysis  of 
the  DPM  to  the  variables  changed  by  the  remedial  action  at  the  six  different  geographical 
locations.  Groundwater  contaminated  with  8,300  gallons  of  JP-4  was  selected  as  the 
baseline  contamination  site  characteristics  to  be  held  constant  for  all  six  sample  sites. 
Since  the  objective  of  this  research  is  to  investigate  the  relative  risk  of  remediation  of 
groundwater  contaminated  with  petroleum  products,  the  original  site  DPM  score  was 
modified  to  account  for  only  BTEX  contaminants  located  in  the  groundwater  and  soil . 

To  take  into  consideration  the  potential  fugitive  emissions  of  VOCs  associated  with 
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groundwater  remediation  technology,  the  air/soil  volatiles  pathway  with  a  detected  release 

of  BTEX  in  the  soil  was  computed  with  a  maximum  waste  containment  effectiveness 

factor  (0.2).  This  was  required  to  maintain  an  air  volatiles  consideration  in  the  final 

relative  risk  score.  Failure  to  score  a  reportable  release  in  the  air/soil  volatiles  or  air/soil 

dust  pathways  will  zero  the  relative  risk  from  that  pathway  in  the  DPM  methodology. 

The  remedial  technology  to  be  considered  in  this  research  is  a  pump  and  treat 

system  consisting  of  an  air  stripper  and  liquid  carbon  adsorption  with  off-gas  carbon 

adsorption.  The  EPA's  RAGS  identifies  fugitive  emissions  of  volatile  organic 

compounds,  discharge  to  surface  water  of  effluent  treated  water,  and  disposal  of 

backwash  and  spent  carbon  as  potential  significant  releases  associated  with  the  remedial 

technologies  (USEPA,  1991:  40).  Each  of  the  six  sample  IRP  sites  were  rescored  by  the 

DPM  using  the  research  established  contamination  characteristics  and  the  waste 

containment  effectiveness  factors  (WCEF)  that  represented  the  remedial  conditions  as 

accurate  as  possible.  As  previously  stated,  the  WCEF  is  a  value  from  0.1  to  1.0  with  a 

0. 1  signifying  optimum  containment  and  a  1.0  signifying  little  or  no  containment.  The 

WCEFs  selected  for  the  pump  and  treat  conditions  were: 

Surface  Water  (Spill)  -  Contaminated  material  has  apparently  been  removed 
completely;  area  is  recontoured  (0.1). 

Groundwater  (Spill)  -  Contaminated  area  is  covered  with  impervious  material  that 
is  expected  to  prevent  further  infiltration  and  leaching  (0.5). 

Air/Soil  Volatiles  (Spill)  -  Contaminated  area  is  completely  covered  by  a 
permanent  structure  such  as  a  paved  surface  or  building  (0.2)  (ODASD(E),  1992: 
29,43,58). 

A  WCEF  value  of  0. 1  was  selected  for  the  surface  water  pathway  due  to  the  minuscule 
chance  of  discharge  to  occur.  Additionally,  a  WCEF  value  of  0.2  was  chosen  to  represent 
the  insignificant  occurrence  of  fugitive  emissions  from  an  off-gas  collection  system.  The 
WCEF  value  of  0.5  was  selected  for  the  groundwater  pathway  because  it  represented  the 
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containment  of  the  groundwater  plume  from  further  movement.  Further  definitions  of  the 
WCEFs  for  the  pathways  can  be  found  in  Appendix  C. 

In  order  to  demonstrate  that  the  DPM  can  be  used  to  measure  risk  of  a  remedial 
action,  the  risk  scores  should  be  dependent  on  the  contamination  characteristics  -  waste 
quantity,  waste  concentration,  and  waste  containment.  It  would  be  expected  that  for 
higher  original  DPM  risk  scores  there  will  be  greater  potential  to  decrease  the  risk 
through  remedial  action.  A  statistical  analysis  of  the  relationships  between  the 
contamination  site  characteristics  and  the  data  generated  by  rescoring  the  six  sample  sites 
is  discussed  in  Chapter  VI. 

This  effort  is  to  determine  if  the  relative  risk  of  a  remedial  action  can  be  measured 
using  the  DPM.  It  is  not  the  focus  of  this  research  to  evaluate  the  methods  used  by  the 
DPM  to  calculate  relative  risk  at  contaminated  sites  or  to  validate  the  results  of  the 
model. 
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VI.  ANALYSIS  AND  EVALUATION  OF  RESULTS 


In  order  to  demonstrate  that  the  DPM  can  be  used  to  measure  relative  risk  of  a 
remedial  action,  the  risk  scores  should  reflect  the  waste  contamination  conditions  of  the 
site  -  quantity,  concentration,  and  containment.  Each  site  was  rescored  by  varying  the 
input  parameters  to  determine  relationship  between  contamination  conditions  and 
individual  sites.  It  would  be  expected  that  for  higher  site  DPM  risk  scores  there  will  be 
greater  potential  to  decrease  the  risk  through  remedial  action. 

General  Observations.  Table  1  provides  the  breakout  of  the  six  pathway-receptor 
subscores  for  the  sample  sites.  The  pathway-hazard  segments  of  the  DPM  score  are 
significantly  different  depending  on  whether  there  has  been  a  detected  release  (measured) 
or  a  non-detected  release  (potential)  of  a  contaminant(s)  into  the  respective  pathway.  For 
purposes  of  this  research,  detected  releases  of  BTEX  were  observed  in  the  groundwater 
and  air/soil  pathways,  while  the  potential  for  BTEX  contamination  was  calculated  for  the 
surface  water  pathway. 

By  observing  the  pathway-receptor  scores  of  the  sample  sites  calculated  in  Table 
1,  it  is  observed  that  the  greatest  variation  in  scores  is  the  groundwater  human  health  and 
ecological  subscores.  Considering  that  the  pathways  score  and  contaminant  hazard  score 
are  constant  for  all  six  sites  (due  to  the  detected  release  of  BTEX  in  groundwater),  the 
considerable  spread  in  the  receptors  score  between  the  sites  parallels  the  overall 
groundwater  human  health  and  ecological  subscores  for  each  site.  The  same  statement 
can  be  interpreted  for  both  surface  water  and  air/soil  human  health  and  ecological 
subscores  when  considering  the  minimal  variations  observed  in  the  pathways  scores 
between  the  sites. 

Finally,  it  was  observed  that  the  ecological  pathway-receptor  subscores  had  little 
influence  on  the  final  scores  for  each  site.  This  was  no  surprise  considering  that  the 
surface  water-human  health,  groundwater-human  health,  and  air/soil-human  health 
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subscores  are  weighted  five  times  more  than  their  respective  ecological  receptor 
subscores  which  reflect  the  national  environmental  regulatory  policy  regarding  the 
relative  importance  of  human  health  versus  ecological  risks.  As  a  demonstration,  the 
final  remedial  risk  score  for  Site  1  was  only  reduced  from  15.19  to  14.86  when  the 
ecological  receptor  subscores  were  not  taken  into  consideration. 

Analysis  of  Contamination  Characteristics.  To  determine  if  there  is  any 
relationship  between  a  site  remedial  action  DPM  score  and  the  waste  quantity,  waste 
concentration,  and  waste  containment  parameters  of  that  site,  a  regression  analysis  was 
performed.  It  was  generally  observed  that  as  the  relative  risk  of  a  site  under  remedial 
conditions  increased,  the  potential  to  decrease  the  risk  of  a  site  also  increased.  This  was 
determined  by  statistical  evaluation  of  the  relationship  between  the  site  remedial  action 
DPM  scores  and  the  three  parameters  of  the  contamination  site. 

Waste  Quantity.  There  is  a  non  deterministic  linear  relationship  that  can 
be  described  by  the  equation  Y  =  A(X)  +  B.  The  independent  variable  (X)  is  the  waste 
quantity  (WQ)  value  for  a  spill  and  the  dependent  variable  is  the  DPM  score  for  the  site. 
A  plot  and  regression  analysis  of  the  data  for  all  six  sample  sites  is  shown  in  Figure  6. 
Site  1  had  the  largest  difference  in  scores,  from  10.7  to  31.4,  and  Site  6  had  the  smallest 
difference  in  scores,  from  4.3  to  16.8.  The  plot  of  tl  c  waste  quantity  versus  the  site 
scores  shows  that  sites  with  a  larger  relative  risk  than  other  sites  under  similar  waste 
contamination  characteristics  will  generally  increase  at  a  greater  rate  with  the  increase  in 
waste  quantity  factor.  However,  the  case  is  not  true  for  Site  3,  Site  4,  and  Site  5.  At  a 
WQ  of  0. 1 ,  the  order  of  risk  is  Site  3  with  a  score  of  7.6,  Site  4  with  a  score  of  7.2,  and 
Site  5  with  a  score  of  7.0.  However,  at  the  WQ  of  1.0,  the  order  of  risk  is  reversed  with 
Site  5  having  the  highest  score  (23.9)  and  Site  3  having  the  lowest  score  (22.7). 
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Waste  Quantity  Variations  Under  Remedial  Conditions 


Site  1:  Y  =  23.01(X)  +  8.35,  c  =  8.01 
Site  2:  Y  =  19.60(X)  +  7.89,  a  =  6.84 
Site  3:  Y  =  16.78(X)  +  5.89,  o  =  5.86 
Site  4:  Y=  17.91(X)  +  5.37,a  =  6.25 
Site  5:  Y  =  18.78(X)  +  5.09,  a  =  6.56 
Site  6:  Y  =  13.87(X)  +  2.92,  o  =  4.84 

Correlation  Coefficient  (all  sites)  =  1 

Figure  6.  DPM  Rescore  Data  for  All  Sites  Versus  Waste  Quantity. 


Reasoning  behind  this  is  indicated  by  the  slope  and  standard  deviation  associated  with  the 
equations  of  the  three  sites.  Site  5  has  the  largest  slope  and  standard  deviation  with  Site  4 
and  Site  3  following  in  order: 


3l9pg 

Standard  Deviation 

Site  5 

18.78 

6.56 

Site  4 

17.91 

6.25 

Site  3 

16.78 

5.86. 

The  slope  of  the  equation  indicates  the  rate  at  which  the  DPM  score  will  increase  with  the 
increase  in  the  WQ.  The  standard  deviation  indicates  the  distribution  of  the  data  around 
the  equation  of  the  line.  A  larger  standard  deviation  indicates  a  greater  variance 
occurring  among  the  environmental  site  parameters. 
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A  further  regression  analysis  was  performed  to  determine  the  reasoning  behind 
Site  5's  tendency  to  increase  in  risk  with  WQ  at  a  greater  degree  than  Site  3  and  Site  4. 
The  relationship  between  the  pathway's  human  health  subscores  (HHS)  and  the  WQ  was 


plotted  and  certain  characteristics  were  noted: 


Site  1 
Site  2 
Site  3 
Site  4 
Site  5 
Site  6 


Surface  Water 

Human  Health 

Y=3.59X+0.34 

Y=4.23X+0.45 

Y=2.64X+0.27 

Y=5.87X+0.62 

Y=0.45X+0.06 

Y=3.78X+0.39 


Groundwater 

Human  Health 

Y=28.3X+14.2 

Y=27.9X+14.0 

Y=19.6X+9.7 

Y=17.0X+8.6 

Y=13.9X+7.0 

Y=04.2X+2.1 


Air/Soil 
Human  Health 
Y=33.45X+6.66 
Y=23.55X44.74 
Y=25.42X+5.06 
Y=28.73X+5.74 
Y=32.87X+ 10.52 
Y=25.68X+5.12. 


It  was  observed  that  the  air/soil  volatile  HHS  typically  increased  at  a  greater  rate  than  the 
other  two  pathway  HHSs.  The  exception  was  Site  2,  installation  located  in  Alaska,  which 
may  be  due  to  the  relative  low  soil  temperature  found  in  the  Arctic  regions.  It  was  further 
observed  that  the  air/soil  volatile  HHS  made  a  considerable  impact  on  the  DPM  score  for 
Site  5  and  contributed  to  the  sites  ability  to  surpass  the  risk  associated  with  similar 
remedial  conditions  at  Site  3  and  Site  4.  Hot,  dry,  windy  conditions  in  the  Southwest  may 
explain  the  reason  behind  Site  5's  greater  increase  in  relative  risk  of  the  remedial  action  as 
the  WQ  increased.  In  addition,  the  relative  low  site  score  for  Site  6  under  remedial 
conditions  can  be  attributed  to  the  low  risk  associated  with  the  groundwater  pathway  for 
that  geological  area.  The  human  health  subscore  plots  for  each  pathway  are  located  in 
Appendix  D  on  pages  85  to  87  for  further  review. 

Waste  Containment.  A  plot  and  regression  analysis  was  performed  for  the 
waste  containment  effectiveness  factor  (WCEF)  versus  the  sites  DPM  score.  Regression 


analysis  was  performed  separately  for  the  surface  water  pathway  WCEF,  groundwater 
pathway  WCEF,  and  the  air/soil  WCEF.  As  a  reminder,  a  WCEF  of  0. 1  signifies 
optimum  containment  and  a  1.0  signifies  little  or  no  effective  containment.  WCEF  values 
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between  0.1  and  1.0  represent  varying  degrees  of  containment  efforts  less  than  optimal, 
but  greater  than  none.  WCEF  descriptives  are  located  in  Appendix  C. 

Figure  7  illustrates  the  relationship  of  the  DPM  sample  site  scores  versus  the 
containment  efforts  for  the  surface  water  pathway.  Varying  the  surface  water  pathway 
WCEF  had  little  to  no  effect  on  the  sites'  DPM  scores.  Site  4  had  the  largest  range  in 
risk,  from  10.7  to  1 1.8,  and  Site  5  maintained  a  relative  risk  score  of  10.7  for  all  values  of 
containment.  This  indicates  independence  between  the  WCEF  and  final  site  remedial  risk 
score  for  the  case  of  a  pathway  where  no  contaminants  are  detected  (referred  to  as  a 
potential  pathway).  The  lack  of  change  in  a  final  DPM  site  score  further  demonstrates  the 
weight  a  pathway  with  a  detected  release  has  on  the  final  score  when  compared  to  those 


Varying  S  urface  Water  Waste  Containment  E  ffectiveness 
Factor  (WCEF) 


16 


12 


0.1 


0.5 


0.8 


WCEF 


Site  1:  Y  =  0.33(X)+  15.15, 0  =  0.1 12,  r  =  0.9891 
Site  2:  Y  =  0.70(X)  +  1 3.60,  o  =  0.239,  r  =  0.9892 
Site3:  Y  =  0.13(X)  +  10.87,  o  =  0.050,  r  =  0.8847 
Site4:  Y=  1.22(X)  +  10.55,  a  =  0.415,  r  =  0.9958 
Site  5:  Y  =  O.OO(X)  +  10.70,  o  =  0.000,  r  =  0.0000 
Site  6:  Y  =  0.46(X)  +  07.03,  a  =  0. 1 58,  r  =  0.979 1 

Figure  7.  DPM  Site  Rescores  Versus  Surface  Water  Pathway  WCEF. 
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pathways  without  detected  releases.  This  would  indicate  that  a  RPM  needs  only  to 
consider  the  reduction  in  risk  of  pathways  with  the  detected  releases. 

Figure  8  illustrates  the  relationship  of  the  DPM  sample  site  scores  versus  the 
containment  efforts  for  the  groundwater  pathway.  It  was  observed  that  groundwater 
human  health  receptor  variables  had  a  significant  influence  on  the  effect  groundwater 
containment  had  on  the  site  scores.  All  sites,  except  Site  6,  had  high  scores  for  the 
"groundwater  travel  time  to  supply  wells"  variable.  Site  1  and  Site  2  can  further  attribute 
their  higher  risk  scores  to  the  "population  at  risk  from  groundwater  contamination" 
variable  and  the  "groundwater  use  of  the  uppermost  aquifer"  variable.  Of  the  three 
midrange  risk  sites.  Site  3  superseded  Site  4  and  Site  5  in  risk  as  the  containment 


Varying  Groundwater  Waste  Containment  E  ffectiveness  F  actor 

(WCEF) 


Site  1 
Site  2 
sites 

Site  4 

sites 

sites 


Sitel;  Y=:  12.38(X)  +  9.37,a  =  4.56 
Site  2;  Y  =  13.37(X)  +  7.30,  a  =  4.93 
Site  3:  Y  =  08.25(X)  +  7.03,  a  =  3.04 
Site  4:  Y  =  06.37(X)  +  7.80,  a  =  2.35 
Site  5:  Y  =  04.70(X)  +  8.60,  a  =  1 .74 
Site  6:  Y  =  00.67(X)  + 6.81,0=  1.25 

Correlation  Coefficient  (all  sites)  =  1 

Figure  8.  DPM  Site  Rescores  Versus  Groundwater  Pathway  WCEF 
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effectiveness  decreased  due  to  a  larger  "population  at  risk  from  groundwater 
contamination"  score  and  a  high  "groundwater  travel  time  to  surface  water"  score.  Site  6 
had  little  to  no  increase  in  the  risk  of  the  remedial  action  as  containment  effectiveness 
decreased  for  the  groundwater  pathway. 

In  all  cases  of  this  research,  a  WCEF  of  0.5  was  used.  The  WCEF  for 
groundwater  is  limited  to  interpretation.  The  three  possible  containment  factors  are  1 .0 
for  no  effective  containment  efforts  (do  nothing),  0.5  for  containing  the  further  progress 
of  contamination  movement,  and  0.1  for  the  complete  removal  of  contamination.  It  is 
reasonable  to  assume  that  a  WCEF  of  0.5  will  be  used  for  all  relative  risk  evaluations  of 
groundwater  remediation. 

The  relationship  of  the  DPM  sample  site  scores  versus  the  containment  efforts  for 
the  last  pathway,  air/soil  volatiles,  is  illustrated  in  Figure  9.  It  was  observed  that  the 
containment  effectiveness  of  the  air/soil  volatiles  pathway  had  the  relative  same  effect  for 
the  majority  of  the  sites.  The  two  exceptions  were  Site  2  and  Site  5;  however,  these 
exceptions  were  not  unexpected.  Similar  conditions  exist  for  the  relative  risk  of  the  two 
sites  as  was  identified  in  the  waste  quantity  analysis:  Site  2  is  located  near  the  Arctic 
where  average  soil  temperatures  are  very  low;  Site  5  is  located  in  a  dry,  hot  desert 
environment  where  the  average  soil  temperature  is  much  higher  than  temperate  regions. 
Volatilization  of  compounds  into  the  air  is  a  function  of  soil  temperature,  therefore, 
compounds  will  more  readily  volatilize  in  soils  at  higher  temperatures. 

Waste  Concentration.  The  purpose  of  this  research  was  to  evaluate  the  use 
of  the  DPM  for  calculating  the  relative  risk  of  the  remediation  of  Air  Force  sites  with  a 
risk  scenario  of  groundwater  contaminated  with  benzene,  toluene,  ethyl  benzene,  and 
xylene  -  contaminants  present  in  petroleum  products.  Up  to  this  point  of  the  research 
analysis,  the  DPM  scores  for  the  sample  sites  have  been  calculated  using  the  research 
established  concentrations  for  the  groundwater  and  air/soil  pathways: 
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Varying  Alr/S  oil  Waste  Containment  E  ffectiveness  F  actor 

(WCEF) 


Sitel:  Y=  12.0(X)+ 13.55,0  =  4.10 
Site  2:  Y  =  07.3(X)  +  12.65,  o  =  2.51 
Site  3:  Y  =  09.4(X)  +  09.59,  o  =  3.23 
Site  4;  Y=  11.6(X)  + 09.16, 0  =  3.94 
Site  5:  Y  =  14.2(X)  +  08.86,  o  =  4.82 
Site  6:  Y  =  11. 8(X)  +  05.62,  o  =  4.02 

Correlation  Coefficient  (all  sites)  =  1 

Figure  9.  DPM  Site  Rescores  Versus  Air/Soil  Volatiles  Pathway  WCEF 


Groundwater 


Air/Soil 


Benzene 

77 

0.86 

Toluene 

54 

0.007 

Ethyl  Benzene 

82 

1.6 

Toluene 

150 

2.7. 

Of  the  four  contaminant  compounds,  benzene  is  the  only  contaminant  that  exceeds  the 
Clean  Water  Act's  maximum  contaminant  level  (MCL)  for  safe  drinking  water  -  5  ug/1 
(Fetters,  1988:  376). 

The  presence  of  carcinogenic  causing  contaminants  plays  a  significant  role  in 
determining  the  relative  risk  of  a  site.  Of  the  BTEX  contaminants,  benzene  is  the  only 
carcinogenic  compound.  The  impact  that  benzsne  has  on  a  site's  DPM  score  was 
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investigated  by  varying  the  presence  of  benzene  at  Site  5.  The  original  score  for  Site  5 
with  a  WQ  of  1.0  and  benzene  concentrations  left  untouched  in  the  groundwater  and  soil 
was  23.9.  Varying  the  presence  of  benzene  provided  the  following  results: 

Site  Condition  PPM  Site  Score 

No  air/soil  benzene  1 3 .7 

No  groundwater  benzene  20.8  (groundwater  subscore  =  0) 

No  air/soil,  groundwater  benzene  6.9 

No  air/soil,  groundwater  benzene  at  mcl  10.7. 

The  risk  associated  with  the  exposure  to  volatile  air  emissions  of  benzene  is  considerably 

high  at  Site  5.  As  it  was  for  Site  5,  eliminating  the  presence  of  benzene  in  the 

groundwater  pathway  zeroed  that  subscore  for  the  remaining  sample  sites.  It  is  easily 

observed  that  benzene,  a  carcinogenic  compound,  is  the  contaminant  of  concern  for  sites 

contaminated  with  BTEX  additives. 

Plot  and  regression  analyses  were  performed  for  the  benzene  concentration  versus 
PPM  site  score  for  both  the  groundwater  and  air/soil  pathways.  To  observe  the 
relationship  of  the  site  score  and  the  benzene  concentration,  PPM  scores  were  plotted  for 
the  four  waste  quantity  factors  of  Site  1 .  Figure  10  illustrates  the  relationships  for  the 
groundwater  pathway  and  air/soil  pathway  from  the  calculated  scores  presented  in  Table 
2..  As  benzene  concentrations  increase,  variances  in  a  site's  score  is  much  more 
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Figure  10.  Site  1  Rescore  Versus  Benzene  Concentration  Variations. 


41 


Table  2 

Site  1  Rescore  Data  for  Groundwater  and 
Air/Soil  Benzene  Concentration  Variations. 


Groundwater  Concentration  (ug/1) 

WQ=  1.0 

WQ  =  0.7 

WQ  =  0.3 

WQ  =  0.1 

1  -4 

24 

18.2 

10.6 

6.9 

5-15 

27.2 

21 

12.7 

8.6 

16-48 

31 

24.1 

14.9 

10.5 

49-  160 

31.4 

24.4 

15.2 

10.7 

161  -489 

35.4 

27.7 

17.5 

12.5 

490-  1577 

36 

28.2 

17.9 

12.8 

1578-4979 

40.6 

31.9 

20.4 

14.8 

4980- 15000 

41.3 

32.5 

20.9 

15.1 

Air/  Soii  Concentration  (mg/kg) 

WQ=  1.0 

WQ  =  0.7 

WQ  =  0.3 

WQ  =  0.1 

0.00001-0.0001 

27.2 

21.4 

13.7 

9.9 

0.0001-0.01 

29.1 

22.8 

14.4 

10.2 

0.1  - 100,000 

31.4 

24.4 

15.2 

10.7 

evident  in  groundwater  than  the  air/soil  medium.  However,  for  both  cases,  the  mere 
presence  of  benzene  made  a  significant  impact  on  a  site's  score. 

To  better  understand  the  impact  benzene  concentration  has  on  a  site's  DPM  score, 
plots  were  made  of  the  site  score  versus  the  WQ  for  four  conditions:  (1)  groundwater 
benzene  concentration  of  1  ug/1,  (2)  groundwater  benzene  concentration  of  5  ug/1  (MCL 
under  the  CWA),  (3)  groundwater  benzene  concentration  of  77  ug/1  (the  baseline 
research  concentration),  and  (4)  groundwater  benzene  concentration  greater  than  4980 
ug/1.  The  risk  scores  for  each  site  are  located  in  Table  3.  Pages  91  to  96  in  Appendix  D 
contain  the  plots  for  all  six  sample  sites.  At  the  lower  end  of  the  sites  scores,  waste 
quantity  of  0.1  and  benzene  concentration  at  1  ug/1,  the  range  of  scores  was  from 
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Tables 

Sample  Site  Rescores  for  Variations  in  Groundwater 
Benzene  Concentrations. 


IWcBte 

Qucntity  = 

1.0 

- ^ - 

IWgbI© 

QuonUty 

=  07 _ 1 _ 

Bose 

4980ug^  tc  R  .A.  bCBei  MCL 

-  Sug  lug/ 

Bose 

4980ug/  te  R  .A.  bosei  MCL  -  Sug  1  ug/ 

Site  1 

41. S 

SI. 4 

27.2 

24 

MM 

21 

18.2 

Site  2 

40.4 

27.S 

22.S 

18.8 

17.6 

14.4 

Sites 

29.4 

22.7 

19.9 

17.9 

Site  S 

2S.1 

17.6 

16.2 

18.6 

Site  4 

28.S 

2S.S 

21. S 

19.9 

Site  4 

22.1 

17.9 

16.2 

16 

Sites 

27.8 

2S.9 

22.4 

21  .S 

Site  S 

21.6 

18.2 

16.9 

16.2 

Sites 

17.4 

16.8 

16.6 

16.6 

Sites 

1S.2 

12.6 

12.4 

12.8 

IWcBte 

Quantity  = 

O.S 

1 

IWcste 

Qucntity 

=  0J _ 1 _ 

Bose 

4980ug/1  tcR.A.  bosei  MCL 

-Suglug/ 

Bose 

4980ug/  tc R .A.  bosei  MCL  -  Sug  lug/ 

Site  1 

20.9 

1S.2 

12.7 

10.6 

Site  1 

16.1 

10.7 

8.6 

6.9 

Site  2 

19.7 

1S.7 

10.8 

8.6 

Site  2 

14.6 

9.9 

7.6 

6.8 

Sites 

14.7 

10.9 

9.1 

7.9 

Sites 

10.6 

7.6 

6.1 

6.1 

Site4 

1S.7 

10.7 

9.4 

8.S 

Site  4 

9.7 

7.2 

6.1 

6.S 

Sites 

IS.l 

10.7 

9.7 

9.1 

Site  S 

9 

7 

6.2 

6.6 

Site  6 

7.S 

7.1 

6.9 

6.9 

Sites 

4.7 

4.S 

4.2 

4.1 

4. 1  to  6.9.  At  the  upper  end  of  the  site  scores,  waste  quantity  of  1.0  and  benzene 
concentrations  greater  than  4979  ug/1,  the  range  of  scores  was  from  17.4  to  41.3.  It  was 
evident  that  as  the  WCEF  increased  (i.e.,  the  containment  effectiveness  decreased),  the 
spread  of  scores  within  a  site  increased  at  a  greater  pace  for  the  various  degrees  of 
benzene  concentrations. 

Plots  were  also  made  for  each  sample  Jiic  to  determine  the  impact  benzene 
concentrations  in  the  air/soil  medium  had  on  a  site's  score.  The  score  variations  between 
sites  and  within  sites  was  much  smaller  than  what  was  observed  for  benzene 
concentrations  in  groundwater.  In  fact,  the  contamination  concentration  scenario 
established  for  this  research  was  at  the  high  end  of  the  air/soil  medium  impact  on  the  site 
score.  The  relative  scores  of  the  sample  sites  could  only  decrease;  and,  as  Table  4 
illustrates,  the  site  scores  would  only  decrease  by  a  small  amount.  For  all  sample  sites, 
the  difference  between  the  high  and  low  concentration  scores  was  approximately  one  as 
the  waste  quantity  approached  zero.  Plots  of  the  six  sample  sites  are  available  for  review 
on  pages  97  to  102  in  Appendix  D. 
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Table  4 

Sample  Site  Rescores  for  Variations  in  Air/Soil  Volatile 
Benzene  Concentrations. 


WcBte 

Quonlily  =  1 .0 

Waste 

Qucniily 

=  0.7 

H  igh  Cone  Low  Cone. 

High 

Low 

Base 

(mgykg)  (mgykg) 

Bose 

Cone. 

Cone. 

Site  1 

SI. 4 

27.2 

Site  1 

24.4 

21.4 

Site  2 

27.5 

25.2 

Site  2 

21. S 

19.9 

Sites 

22.7 

19.4 

Sites 

17.S 

15.2 

Site  4 

2S.S 

19 

Site4 

17.9 

14.8 

Sites 

2S.9 

18.S 

Sites 

18.2 

14.1 

Sites 

1S.8 

11.7 

Site  S 

12.S 

8.8 

Waste 

Qucniily  =  O.S 

Waste 

Qucniily 

=  0.1 

High  Low 

High 

Low 

Bose 

Cone.  Cone. 

Bose 

Cone. 

Cone. 

Site  1 

15.2 

1S.7 

Site  1 

10.7 

9.9 

Site  2 

1S.7 

12.9 

Site  2 

9.9 

9.5 

Sites 

10.9 

9.7 

Sites 

7.S 

7 

Site  4 

10.7 

9.1 

Site  4 

7.2 

S.4 

Site  5 

10.7 

8.S 

Site  5 

7 

5.9 

Sites 

7.1 

5 

Site  S 

4,S 

S.l 
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VII.  CONCLUSION 


Overview 

Selection  of  the  appropriate  remedial  action  for  a  waste  contamination  site  has 
typically  been  driven  by  cost  and/or  technical  feasibility  (Edmisten-Watkin,  1991:  293). 

In  an  increasing  number  of  cases,  the  significance  in  considering  potential  human  health 
and  ecological  risks  in  the  selection  of  remedial  alternatives  has  been  observed  when  the 
remediation  of  a  waste  contamination  si^e  has  created  public  health  concerns  distinctly 
different  than  the  risks  associated  with  the  baseline  conditions.  Currently,  the  Air  Force 
has  no  standard  to  assist  RPMs  in  the  evaluation  and  selection  of  a  remedial  alternative 
based  on  risk  associated  with  the  remediation  action. 

The  Installation  Restoration  Program  was  created  by  the  Air  Force  to  address  the 
problems  of  contaminated  sites  that  pose  a  threat  to  public  health,  welfare,  and  the 
environment.  An  important  component  of  CERCLA  was  the  use  of  risk  assessment.  The 
Air  Force  developed  the  DPM  to  assist  in  establishing  priorities  for  funding  remedial 
actions  based  on  the  relative  risk  at  IRP  sites.  The  DPM  provides  a  numerical  score 
representing  the  relative  potential  risk  based  on  the  environmental  conditions  at  a  site. 

The  purpose  of  this  study  was  to  evaluate  the  applicability  of  the  DPM  to 
calculate  the  relative  risk  that  would  be  associated  with  the  remediation  of  a  contaminated 
site.  Furthermore,  once  a  remedial  alternative  was  selected,  the  relative  risk  of  the 
remedial  action  was  compared  to  the  reduction  in  relative  risk  of  the  baseline  site.  If  the 
relative  risk  of  the  remedial  action  was  less  than  the  reduction  in  risk  of  the  baseline  site, 
the  remedial  alternative  was  classified  as  suitable  for  remedial  actions.  The  intent  of  this 
research  was  to  provide  a  metric  for  Air  Force  RPMs  to  apply  in  the  selection  of  remedial 
alternatives. 
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Objective  I:  Compare  Relative  Risk  Between  Remedial  Alternatives 


An  Air  Force  environmental  manager  interviewed  for  this  research  was  quick  to 
point  out  that  using  a  subjective  relative  risk  model  for  purposes  of  determining  risk- 
based  funding  created  an  environment  where  variables  could  be  manipulated  for  purposes 
of  increasing  the  relative  risk  score  of  the  site  (Clendenin,  May  1994).  One  such  variable 
was  the  waste  containment  effectiveness  factor  (WCEF).  The  WCEF  leaves  very  little 
intermediate  interpretation  to  a  RPM.  Furthermore,  the  limits  of  the  WCEF  make  it 
impossible  to  distinguish  between  remedial  alternatives  under  consideration.  The  only 
distinction  that  is  possible  between  remedial  technologies  is  the  potential  significant 
releases  identified  in  Appendix  A  -  Remediation  Technologies  and  Some  Potential 
Significant  Releases.  The  DPM  fails  to  consider  the  probabilities  of  failure,  potential 
release  quantities,  and  disposal  of  residual  by-products  that  are  associated  with  an 
individual  remediation  technology. 

Objective  II:  Compare  Reduction  in  Relative  Risk  of  Site  Versus  Relative  Risk  of 
Selected  Remedial  Alternative 

Figure  1 1  illustrates  remedial  action  DPM  scores  for  each  sample  site  versus  the 
change  in  baseline  risk  of  each  site  from  remedial  efforts.  For  each  sample  site,  the 
relative  risk  of  the  remedial  action  was  less  than  the  change  in  baseline  risk  from  the 
remedial  effort.  Unfortunately,  this  will  be  the  case  for  all  sites  using  the  DPM.  The 
driving  factor  behind  a  site's  DPM  score  is  the  WCEF  for  each  pathway.  The  mere  fact  of 
turning  on  the  pump  in  a  pump  and  treat  situation  doubles  the  waste  containment 
effectiveness  of  the  groundwater  pathway  and  reduces  the  pathway  human  health  score 
50%.  The  only  way  the  relative  risk  of  a  remedial  action  will  be  greater  than  the  relative 
risk  of  the  reduction  in  baseline  site  risk  is  if  the  WCEF  is  lessened  from  remedial 
efforts.However,  this  will  only  be  the  case  for  pathways  with  detected  releases.  Referring 
back  to  page  37  and  Figure  7,  it  was  demonstrated  that  for  a  pathway  where  no 
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Comparison  of  Rolaflvo  Risk  of  Romodloi  Action  vs.  Chongs  In  Bossllns  Sits 

Rslotivs  Risk 


DPM  Scors 


Figure  11.  Comparisons  Between  Sample  Sites'  Remedial  Action  Scores  vs.  Reduction  in  Baseline  Risk 


contaminants  were  detected  (referred  to  as  a  potential  pathway)  varying  the  WCEF  had 
little  to  no  effect  on  the  final  DPM  score. 

Recommendations 

There  will  most  likely  continue  to  be  an  increasing  level  of  interest  and  oversight 
of  environmental  cleanup  programs  such  as  the  IRP  for  the  next  decade.  Today's  cleanup 
efforts  are  influenced  by  public  concern  over  health  risk  and  requirements  to  quickly 
transition  closure  bases  for  public  use.  In  addition,  environmental  funding  is  becoming 
increasingly  tighter  with  Congress  expecting  to  see  more  cleanup  results  than  risk  studies 
(Walsch,  May  1994).  It  is  important  that  the  Air  Force  be  able  to  show  continuous 
progress  toward  restoring  the  environment  and  eliminating  the  threat  posed  by  the  worst 
sites.  To  justify  and  properly  manage  resources  for  the  IRP  in  the  future,  the  Air  Force 
needs  to  employ  risk  based  methods  to  assess  progress. 
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One  area  that  should  be  investigated  is  the  performance  of  absolute  risk 
comparisons  using  guidelines  established  by  The  Agency  for  Toxic  Substances  and 
Disease  Registry  (ASTDR).  Using  the  quantitative  approach,  the  magnitude  of  risk  and 
risk  reduction  will  be  established  for  remedial  efforts.  Furthermore,  it  will  be  possible  to 
distinguish  among  efficiencies  of  remedial  alternatives.  Finally,  quantitative  risk 
assessments  take  into  consideration  the  long  term  risk  factors  associated  with  remedial 
alternatives  and  the  time  factor. 
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LIST  OF  ACRONYMS: 


ADI 

Average  Daily  Intake 

BTEX 

Benzene,  Toluene,  Ethyl  Benzene,  Xylene 

CERCLA 

Comprehensive  Environmental  Response,  Compensation,  and 
Liability  Act 

DoD 

Department  of  Defense 

DPM 

Defense  Priority  Model 

EPA 

U.S.  Environmental  Protection  Agency 

FS 

Feasibility  Study 

HARM 

Hazard  Assessment  Risk  Model 

HRS 

Hazard  Ranking  System 

IRP 

Installation  Restoration  Program 

MCL 

Maximum  Contaminant  Level 

NFA 

No  Further  Action 

NPL 

National  Priority  List 

PA 

Preliminary  Assessment 

PROS 

Preliminary  Remediation  Goals 

RAGS 

Risk  Assessment  Guidance  for  Superfund 

RD/RA 

Remedial  Design/Remedial  Action 

RI 

Remedial  Investigation 

ROD 

Record  of  Decision 

RPM 

Remedial  Project  Manager 

SARA 

Superfund  Amendments  and  Reauthorization  Act 

SI 

Site  Investigation 

VOC 

Volatile  Organic  Compound 

WCEF 

Waste  Containment  Effectiveness  Factor 

WQ 

Waste  Quantity 
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REMEDIATION  TECHNOLOGIES  AND  SOME  POTENTIALLY  SIGNIFICANT  RELEASES 


Appendix  A:  Remediation  Technologies  and  Some  Potential  Significant  Releases 

(USEPA,  1991:  37-41) 
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(Conlliiucd) 


REMEDIATION  TECHNOLOGIES  AND  SOME  POTENTIALLY  SIGNIFICANT  RELEASES 
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(Continued) 


Appendix  B:  DPM  Algorithm 

(ODASEKE).  1992:  G1-G12) 


SURFACE  WATER  PATHWAY 


SeoR 

Priiwes  (drde  OM^ 

1.  Htve  cQnUmhttnts  been  detected  in  0  100 
•niftce  wato?  If  yes,  sssigD  score 
of  100  ssd  proceed  to  item  PO].  If 
BO,  assign  a  score  of  0  and  proceed 
to  item  P]. 


Scon 

ITOQUCl 

Xi.  .  -  (kor  X 

Mnltipfier  nnlL) 
1 


PatliwnY  Characteristics 


2. 

Distaiice  to  nearest  anrbee  amter 

0123 

4 

3. 

Net  precipitation 

0123 

1 

4. 

Surface  erosian  potmtial 

0123 

4 

- 

5. 

Raiabll  isteoaQr 

0123 

4 

- 

6. 

Sarhec  hydnaCe  conducthdor 

0123 

3 

7. 

Fkw^g  potential 

0123 

10 

-  - . 

8. 

Sum  of  items  [Z]  through  [7] 

9. 

Nonnahxed  score  Obtn  [Q  X 

lOOnS) 


10.  Waste  oontasuDeot  efbedvcaess 
frctor 


11.  Waste  qiiaati^  betor 

22.  Final  pathway  score  for  sorboe 
water  ^  (it^ni  [HQ 

(bm  Ill])/2). 


Confidentt 

-  MaiimiBn  Factor 

SeoR  <!0>1} 

100 


12 

3 

12 

12 

9 

30 

78 
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GROUND  WATER  PATHWAY 

Score- 

Ftoduct  Confldence 


Detected  Releases 

Score 

(drde  one) 

Multiplier 

(score  X 
mult.) 

Maximum 

Score 

Factor 

(0-1) 

13.  Have  contamiaants  been  drtfgted  in 
ground  water?  If  yes,  assign  score 
of  100  and  proceed  to  item  [20].  If 
no,  assign  score  of  0  and  proceed  to 
item  [14]. 

0  100 

1 

100 

Pathway  Characteristics 

14.  ^stance  to  seasonal  hi^  greimd 
water  from  base  of  waste  or 
joot  and  potential  for 
discrete  features  in  the  unsatntated 
none  to  'short  circuit*  the  pathway 
to  the  water  table 

0  123 
456 

10 

60 

If.  Hydraulic  conductivity  of  die 
zone 

0  123 

5 

— 

15 

— 

16.  laiiltjation  potential 

0123 

5 

15 

mm 

17.  Geochemical  properties  of  the 
vadose  none 

0  123 

5 

— 

15 

— 

18.  Sum  of  items  [14]  throu^  [17] 

105 

19.  Normalized  score  (it^  DQ  ^ 
100/105) 

— 

fretor 

. 

21.  Waste  quantity  &ctor 

-  . 

22.  Rnal  pathway  score  for  ground 
water  (item  [19]  X  Qtem  [20]  + 
item  [21])/2) 

...  —  ..  - 

— 

— 
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AIR/SOIL  VOLATILES  PATHWAY 


Score 
(drde  ooe) 

Score 
Product 
(more  x 
mulL) 

Confidence 

Factor 

<0-l) 

Detected  Rdeases 

Score 

23.  Have  volatile  oootamiaaats  been 
detecfa.3  in  ambient  air  above 
background  levels?  If  yes.  asrign 
score  of  100  and  proceed  to  item 
P2].  If  no,  assign  score  of  0  and 
proceed  to  item  [24]. 

0  100 

1 

100 

Pathway  Characterrstig 

24.  Have  volatile  contaminants  been 
detected  in  surface  soil?  If  yes, 
assign  a  score  of  3  and  proceed  to 
item  [25].  If  no,  assign  a  score  of 

0  to  items  [24]  and  [34],  and 
proceed  to  item  P5]. 

0  3 

J2 

36 

2S.  Average  summer  soQ  ten^terature 

0123 

2 

_ 

6 

26.  Net  precipitation 

0123 

2 

6 

27.  Wind  velociQr 

0123 

2 

6 

• 

28.  Soil  porosity 

0  123 

2 

_ 

6 

29.  Sum  of  items  [24]  through  [28] 

60 

30.  Normalized  score  Otom  [29]  X 
100/60) 

— 

31.  Adjusted  paihwqrs  score.  If  item 
[23]  is  100,  eater  100.  If  item  [23] 
is  0  and  item  [24]  u  0,  eater  0.  If 
Hem  [24]  is  not  0,  cater  value  fimn 
item  PO]. 

32.  Waste  contammeat  effectiveaess 
ftctor 

• 

— — '  ■ 

, 

33.  Waste  quantiQr  fimtor 

' 

•  _ _ 

34.  Final  pathway  score  for  aif/smi 
volatiles  (iteni  Pl]  X  Qtem  P2] 

Hem  P3])/2) 

'  - 

- : 
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AIR/SOIL  DUST  PATHWAY 


TMeeted  Releases 

Score 

(cirdeone) 

MuldpScr 

Score 
Phtduct 
(seme  X 
mutt.) 

Maxhninn 

Score 

Confidence 

Factor 

(M) 

35.  Have  Don-voktileeoataciiuuits  been 
detected  in  ambient  air  above 
backgronnd  levels?  If  yes,  assign 
score  of  100  and  pnxeed  to  item 
[44].  If  no,  assign  score  of  0  and 
proceed  to  item  [34]. 

0  100 

1 

100 

Fathwav  Characterisdcs 

36.  Have  non-volatilecontaminants  been 
detected  in  the  surfiKe  soil?  If  yes, 
assign  a  score  of  3  sad  proceed  to 
item  P?].  If  no,  assign  a  score  of 

0  to  items  P6]  and  [46],  and 
proceed  to  item  [47]. 

0  3 

12 

36 

37.  Net  precipitation 

0123 

2 

i.. 

6 

38.  Wind  velocity 

0123 

2 

6 

39.  Dsys/year  >  0.2S  mm  predpitadon 

0123 

2 

■I.,.  ■  1 

6 

— 

40.  Site  acdviQT 

0123 

2 

- 

6 

— . 

41.  Sum  of  items  P6]  tfarou^  [40] 

— 

60 

42.  Normalized  aooxe  0^  [41]  X 
100/60) 

— 

43.  Adjusted  pathwqrs  score.  If  hem 
P5]  is  100,  enter  100.  If  item  pS] 
is  0  and  item  [36]  is  0,  enter  0.  If 
Hem  P^  is  not  0,  enter  value  from 
hem  [42]. 

44.  Waste  containment  effeedyeness 
fimtor 

— 

— 

45.  Waste  quandty  fretor 

-- 

46.  Final  patbw^  score  for  air/soil  dust 
Qtem  [43]  x  (item  [44]  4  item 
[45])/2) 

•  -  . 

■  - 

60 


CONTAMINANT  HAZASD-SUKFACE  WATER 


If  cantaxmxumts  have  been  detected  in  flir&ee  water  (aeofe  of  100  in  item  HD,  eompfete  items  [47]  tfaroagh  [52].  If 
eontamiiumts  have  not  been  detgctrd  (aoore  of  0  in  item  [ID.  [53]  [56]. 


Sam 

(ordeone)  Result 


47.  Sum  of  Health  Hazard  Quodents  _ 

(from  column  9  of  the  Surfree 

Water  Hazard  Wofkdieet  for 
detected  releases). 

48.  Human  Health  Hazard  Score  (Table  0  12  3  _ 

G-1).  45  6 

49.  Final  Health  Hazard  Score  for  _ 

aurfrce  water  pathway  (item  [48]  X 

100/6). 

50.  Sum  of  Ecological  Hazard  (Juodents 
(enter  the  larger  of  the  snm  of 
column  10  of  die  Surfree  Water 
Hazard  WoikdieeC  for  detected 
rdeaaes). 

51.  Eeolopcal  Hazard  Score  (Table  012  3  ____ 

G-2).  45  6 

52.  Final  Ecological  Hazard  Score  for  ___ 

surfme  water  patfawiqr  Qtem  [51]  X 

100/6). _ 

53.  Maximum  Health  Hazard  Score  0123456789 

(from  column  2  of  die  SurfiKe 
Water  Hazard  Woikdieet  for  nan- 
detected  releases). 

54.  Final  Health  Hazard  Score  for 
mirfoee  water  potfawqr  Qtem  [53]  X 
100/9). 

55.  Maximum  Ecological  Hazard  Score 
(from  column  3  of  the  Sur&ee 
Water  Hazard  Woikdieet  lor  non- 
detected  releasee). 

56.  Knal  Ecological  Hazard  Score  for 
mvAee  water  petfawiQr  (item  [55]  X 
100/6). 


Confidence 

Factor 

(P-1) 


) 


0123456 


CONTAMINANT  HAZARD-GROUND  WATER 

If  contaminants  have  been  detected  in  ground  water  (aeore  of  100  in  Hem  [UBt.  coB?Iete  items  [57]  Ouough  [52].  If 
oantaminants  have  not  been  detected  (score  of  0  in  [13]).  itema  [63]  duou]^  [65]. 


Confidence 


ocon 

(drde  ood  Result 

Factor 

(0*1) 

57.  Sum  of  Health  Hazard  Quotients 
(from  column  9  of  Ground  Water 
Hazard  Worioheet  for  detected 
releases). 

58.  Human  Health  Hazard  Score  (Table 
G-1). 

0  123 

456 

59.  Final  Health  Hazard  Score  for 
ground  water  pathway  (item  [58]  X 
100/6). 

— 

— 

60.  Sum  of  Ecological  Hazard  (juodents 
(column  10  Ground  Water  Hazard 
Worksheet  for  detected  rdeases). 

— 

61.  Ecological  Hazard  Score  (Table 
G-2). 

0  123 

456 

62.  Hnal  Ecological  Hazard  Score  for 
ground  water  pathway  (item  [51]  X 
100/6). 

— 

— 

63.  Maximum  Health  Hazard  Score 

0123456789 

(from  colnitm  11  of  die  Ground 
Water  Hazard  Woricsheet  for  non- 
detected  releases). 

64.  Knal  Health  Hazard  Score  for 
ground  water  pathwqr  (]tem  [63]  x 
100/9). 

— 

— 

65.  Maxirmim  Ecological  Hazard  Score 

0123456 

(from  column  12  of  the  Groond 
Water  Hazard  Workdieet  for  aon- 
detected  rdeases). 

- 

66.  Final  Ecological  Hazard  Score  for 
ground  water  pathway  (item  [55]  X 
100/6). 

— 

— 
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CONTAMINANT  HAZARD-AIR/SOIL  VOLATILES 


If  volatile  eontamiaants  have  beea  detected  ia  amlAgit  air  (acoie  of  100  ia  item  p3]),  or  if  luye  beea 

detected  ia  auxftee  soil  (score  of  36  ia  item  [24D  complete  items  fS7]  thno^  rm*  Tf  Tiaw  hwni 

detected  ia  air  or  soil,  proceed  to  f77]. 


Score 

(drdeon^  Resalt 


Coafidence 

Factor 

(P-1) 


.  67.  Sam  of  Healtii  Hazard  Quodeats 
(from  eoluxaa  7  of  the  Air/SoO 
Volatile  Hazard  Woriesbeet). 

68.  HutaaB  Health  Hazard  Score  (Table  0  12  3 

G-1).  4  5  6 

69.  Final  Health  Hazard  Score  for 
air/soil  volatile  pathway  0tem  [68] 

X  100/6). 

70.  Sum  of  Tenestrial  Hazard  Quodeats 
(from  eolunm  8  of  the  Air/Soil 
Volatile  Hazard  Worksheet). 

71.  Ecological  Hasard  Score  (TaMe  0  123 

G-2).  45  6 

72.  Final  Ecological  Hazud  Score  fiir 
air/soil  volatile  pathway  Qtem  [71] 

X  100/6). 
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CONTAMINANT  HAZARD-AIR/SOIL  DUST 


If  non-volatile  /“rmfinitMuitg  have  been  detected  in  unbient  air  (acore  of  100  in  item  P5])f  or  tf  non-volatile  contaminaots 
have  been  detected  in  surftce  soU  (score  of  36  in  item  P6])  coiq>letc  items  fTT]  tbou^  pq.  Ifnon-volatae  contaminaots 
have  not  been  detected  in  air  or  soil,  proceed  to  (87). 

Canfidence 

Score  Factor 

(drde  on^  Result  (P'1) 

77.  Sum  of  Health  Hazard  Cedents  _ 

(from  column  9  of  the  Air/Soil  Dust 
Hazard  Wotlcsheet). 


78.  Human  Health  Hazard  Score  CTable 
G-1). 

79.  Hnal  Health  Hazard  Score  for 
air/soil  dust  pathway  Qtem  ^8]  X 
100/6). 

80.  Sum  of  Terrestrial  Hazard  Quotients 
(from  column  10  of  the  Air/SoQ 
Dust  Hazard  Worksheet). 

81.  Ecological  Hazard  Score  CTable 
G-2). 

82.  Hnal  Ecological  Hazard  Score  for 
air/soil  dust  pathway  Qtem  [Jl]  X 
100/6). 


0  123 
456 


0  123 
456 


HUMAN  HEALTH  RECEFTORS-SURFACE  WATER  PATHWAY 


Score 

(drdeon^ 

hhiltipSer 

Score 
ftodrict 
(score  X 
Built.) 

Maxmnim 

9con 

Confidence 

Factor 

(P-1) 

87.  POpuUdoo  that  obtains 

water  from  potenttally  affected 
surface  water  bodyCies)  downstream 

0123 

3 

— 

9 

— 

88.  Water  use  of  nearest  surfoee  water 
body^es) 

0123 

3 

— 

9 

— 

89.  Populadon  within  ‘A  mi  (806  m)  of 
the  site 

0123 

1 

— 

3 

— 

90.  Distance  to  the  nearest  insuHation 
boundary 

0  123 

1 

— 

3 

— 

91.  Land  use  and/or  sming  within  2 
miles  (3.2  km)  of  the  site 

0123 

1 

— 

3 

— 

92.  Sum  of  items  P7]  through  Pl] 

27 

93.  Fixud  Human  Health  Reeqiton 
score  for  surfoce  water  pathways 
(item  192]  X  lOaOT) 

ECOLOGICAL  RECEFTORS-SURFACE  WATER  PATHWAYS 

94.  In^wrtanee/aenntiviqr  of  Uota/ 
haUtats  in  potentially  affected 
aurfece  water  bodies  neatest  diB  ole 

0123 

5 

— 

15 

— 

95.  Presence  of  'critical  eovirenments* 

0  3 

1 

3 

within  ndlef  ^4  km)  of  the  ate 

.T.  ;■ 

96.  Sam  of  items  {941  a>d  [951  ____ 

97.  Final  EeoIoficdRec^tontcofe  for  IS 

•otfaee  water  pathways  (HI 

X  100/lS) 
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HUMAN  HEALTH  RECEFTORS-GROUND  WATER  PATHWAY 

Score 
(drcle  one) 

Multiidier 

Score 
noduct 
(more  x 
mulL) 

Maximum 

Score 

Confidence 

Factor 

(0-1) 

98. 

Estiauted  mean  ground  water 
travel  time  from  waste  location  to 
nearest  downgradient  water 
supply  well(s) 

0123 

9 

27 

99. 

Estimated  mean  ground  water 
travel  time  from  current  waste 
location  to  any  downgiatSent 
aur&ce  water  body  that  n^Iies 
water  for  domestic  nse  or  for 
food  chain  agriculture 

0123 

5 

• 

15 

100. 

Ground  water  use  of  the  ti^iper- 
most  aquifer 

0  123 

4 

— 

12 

— 

101. 

Populationpotentially  at  risk  from 
ground  water  contamination 

0369  12 

18  24  27 

36 

1 

— 

36 

— 

102. 

Population  within  ‘A  mi  (806  m) 
of  the  site 

0  123 

1 

— 

3 

— 

103. 

Distance  to  die  nearest  installation 
boundary 

0123 

1 

— 

3 

— 

104. 

Sum  of  items  {98]  through  [lO?] 

96 

105. 

Rnal  Human  Health  Reo^tors 
score  for  ground  water  pathwqrs 
Citem  [104]  X  100/96) 

— 

— 

ECOLOGICAL  RECEFTORS-GROUND  WATER  PATHWAYS 

* 

106. 

Estimatfid  mean  ground  water 
travel  tisM;  fiom  waste  location  to 
any  downgiadieot  habitat  or 
natural  areas 

0  123 

3 

9 

107. 

Inqiortaiioe/seintivi^  of  down- 
gradient  biola/habitats  tint  are 
confirmed  or  suqieeted  ground 
water  discharge  points 

0  123 

3 

— 

9 

'  '  ■■ 
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HUMAN  HEALTH  RECEPTORS-GROUND  WATER  PATHWAY  (concluded) 

Scare 
(circle  on^ 

Mulliplier 

Score 
Ptoduct 
(score  X 
mulL) 

Maximum 

Score 

Confidence 

Factor 

(0-1) 

108. 

Pleeeace  of  'critical  enrimn* 
ments*  within  LS  miles  (2.4  km) 
of  the  site 

0  13 

1 

— 

3 

— 

109 

Sum  of  items  106  through  108 

21 

110. 

Knal  Ecological  Reeiyton  scon 
for  ground  water  palhw^  0tem 
[109]  X  100/21) 

— 

— 

HUMAN  HEALTH  RECEFTORS-AIR/SOIL  VOLAHLESOIUST  PATHWAYS 

Score 
(drde  one) 

Muhii^er 

Seore 
Roduct 
(score  X 
mulL) 

Mazniinm 

Score 

Confidence 
Factor 
(P-1)  • 

111. 

Population  within  4  mOe  ladius 

0  9  12  15 

18  2124 

27  30 

1 

— 

30 

— 

-  112. 

Land  use 

0  123 

2 

_ 

6 

113. 

Distanee  to  nearest  histallatioo 
.  boundary 

0  123 

1 

— 

3 

— 

114. 

Sum  of  items  [111]  ttrou^  [113] 

-  js4T  .  •  • 

39 

115. 

Real  Human  Health  Raecpton 
SCOTS  for  air  pathwqrs  diem  [1141 

X  100/39) 

— 

— 

ECOLOGICAL  RECEPTORS-AIR/SOIL  VOLATILES/DUST  PATHWAYS 

116. 

Distanee  to  senritive  eoviraoment 

0  123 

2 

_ 

6 

117. 

Presence  of  'critical  cmriron- 
ments'  wiUun  1.5  mOe  ^4  fan) 
of  the  site 

0  3 

1 

— 

3 

— 

118. 

Sum  of  items  PIQ  and  P17] 

9 

119. 

Rnal  Ecolopcal  Reeqiton  seore 
for  air  patiiwqrs  Otem  [118]  x 
100/9) 

— 

— 
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SCORING  SUMMARY  SHF-FT 


Pathways 

Contaminant 

Recqitors 

Overall 

Score 

Hazard  Score 

Score 

Score 

120. 

Surface  water/humaa  health  scores 

c 

X 

X 

1/10.000  = 

item  [12] 

item  [49]/[54] 

item  [93] 

121. 

Surface  water/  ecological  scores 

c 

X 

X 

1  /lO.OOO  = 

item  [12] 

item  [52]/[56I 

item  [97] 

122. 

Ground  water/humaa  health  scores 

(_ 

X 

X 

1/10.000  = 

item  [22] 

item  [59]/[64] 

item  [105] 

123. 

Ground  water/  eeolo^eal  scores 

(_ 

X 

X 

1/10.000  = 

item  [22] 

item  [62]/[66] 

item  [110] 

124. 

Air/Soil  volatiles  imttmi  score 

(_ 

X 

X 

1  /10.000  = 

item  [3<Q 

item  [69] 

item  [115] 

12S. 

Air/Soil  volatiles  ecolopcal  scores 

(_ 

X 

X 

1  /10.000  = 

item  [34] 

item  [72] 

item  [119] 

126. 

Air/Soil  dust  human  health  scores 

e 

X 

X 

1/10.000  = 

item  [46] 

item  [7^ 

item  [1151 

127. 

Air/Soil  dust  ecological  score 

(_ 

X 

X 

1/10.000  = 

* 

item  [46] 

item  [82] 

item  [115] 

OVERALL  SITE  SCORE 

Id  dus  eqiMdan  ue  the  hi^ier  of  die  fidlowingpun  of  vilues  QJ2SI  or  11240  *0^  ([127]  or  [12S0' 

12S.  I( _ T  X  5  +  ( _ f  +  ( _ )*  X  5  +  ( _ )*  +  ( _ JF  X  5  +  ( _ )»r  «  _ 

hem  [120]  iteni[121]  item  [122]  item  [123]  item[124|  item  [125] 

or  [126]  or  [127] 

,tT' 

129.  Over  all  site  score  «  _______  *  _ _ 

item[12S] 
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Appendix  C:  Waste  Containment  Effectiveness  Factors  and  Waste  Quantity 

Factors 

(ODASD(E),  1992: 27-33,42-46, 57-59, 68-70) 


Waste  quantity  factoi 

'S  for  site  types  other  than  lao 

idfiUs  [11,  21,  33,  45] 

Soe  of  lapouadateat 

Score 

<1  acre 

0.1 

Surface  lapoundmcnts 

1  to  10  acres 

OJ 

>  10  to  20  acres 

0.7 

>20  acres 

1.0 

Quaatkv  of  Waste 

Score 

<2,000  gal 

0.1 

Spills 

2.000  to  10,000  gal 

OJ 

>  10,000  to  50,000  gal 

0.7 

>50,000  gal 

1.0 

Years  Used 

Score 

<10  years 

0.1 

Fire  Trainiac  Areas 

10  to  15  years 

0.3 

>  15  to  20  years 

0.7 

>20  years 

1.0 

Siae  of  Area 

Score 

<1  acre 

0.1 

Waste  Piles 

1-3  acres 

OJ 

>3-5  acres 

0.7 

- 

>5  acres 

1.0 

Qiiaatity  of  Waste 

Score 

<5,000  gal 

0.1 

Above  Grouad  Taaks 

5,000  to  10,000  gal 

OJ 

>10.000  to  100.000  gal 

t  0.7 

>100,000  gal 

l.O 

Quantity  of  Waste 

Score 

<5,000  gal 

0.1 

Uadcrsrouad  Taaks 

>5.000  to  50,000  gal 

OJ 

>50,000  to  100,000  gal 

0.7 

>100,000  gal 

1.0 

-Sisc  of  Structure 

Score 

<2,500  le 

0.1 

Eachsad  Structures 

240010 10,000  te 

OJ 

- 

>10.000 10  50,000  ft* 

0.7 

>50,000  ft* 

1.0 

,  ,,  ^  j 

»  PluBC  Siae 

Score 

<04  Dales 

0.1 

04  to  1  aale 

OJ 

>1  to  2  aules 

0.7 

>2  Bales 

1.0 
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_ Waste  containment  effectiveness  factors  for  surface  wato*  [10] 


Uncapped  LanddD 


•  CoDUmuiated  material  has  apparendy  been  removed  completely;  area  is  reeontoured. 


•  Contamiiiants  are  present  but  appear  to  be  eifectivety  contained. 

•  Contaminated  atea  is  coveted  with  an  is^tervious  material  not  normally  subject  to 
cracking. 

•  Covered  with  adequate  thickness  of  clean  sod  and  revegetated. 

•  Any  significant  run-on  to  area  is  diverted;  if  area  is  in  a  fioot^lain,  dUces/betms 
efTecdvely  prevent  floodwater  eneroachment. 


•  Limited  containment;  contamiiiated  area  is  covered  efFectively  but  needed  run-on  diversion 
or  flood  protection  is  absettf. 

•  Contamiiiants  may  be  exposed,  but  the  area  is  protected  from  significant  ron^  or 
floo<fing,  and  surface  runolF  from  the  area  is  collected  and  treated. 


•  Conttminants  may  be  exposed.  Any  tunoff  from  the  site  would  not  be  collected  and 
treated. 


Waste  contauunent  effectiveness  factors  for  surface  water  [10] 

Capped  Landfill 

Score 

•  Site  surface  is  properly  graded. 

•  Clay  cap  or  other  cover  is  in  sound  condition. 

•  Any  potential  ran-on  is  effeettveiy  diverted  away  from  dw  landfill  area. 

•  If  the  landfiH  »  to  e  flood^laia,  dOcei  or  benn»  effoctiv^  proved  Soodwtfer 
eocfoichntcola 

0.1 

•  Site  is  coveted  adequatdy  and  run-on  diversion  or  flood  protection  mcnires  are  present, 
if  neoded.  Minor  proUems  exist  with  cidier  the  cover  or  £ke/diverBion  straennes  (e.g., 
£ke  is  in  poor  repair  or  die  site  surfme  is  not  adequately  vegetated). 

OJ 

•  Waste  is  covered  effectively,  but  needed  run-on  ifiversioo  or  flood  protection  stroctures  are 
absent. 

•  Waste  is  covered  and  any  needed  dike/diverrion  etmctuies  are  present,  but  Ae  cover  is  is 
vesy  poor  conAtion  [extensive  till  eroskm  has  occurred,  or  dqf/soil  cover  is  less  Ass  1  ft 
fOJ  m)  thick). 

0.8 

•  Waste  is  exposed  or  leschsle  seeps  have  been  repotted. 

1.0 
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Waste  containment  efFectiveoess  factors  for  surface  water  [10] 


Liquid  Containing  Surface  loponndneat 

Score 

•  Sound  dikes  and  adequate  freeboard;  if  there  is  an  efOuent,  it  it  treated  and  discharged  in 
compliance  with  permits. 

0.1 

•  Sound  dikes,  but  inadequate  freeboard. 

•  No  evidence  of  past  overflows  or  uncontrolled  discharge. 

OJ 

•  Dikes  are  not  leaking  nor  are  they  in  s^tparent  danger  of  ctdlapse,  but  there  is  some 
evidence  of  potential  unsoundness  (e.g.,  earthen  dikes  are  eroded). 

•  No  evidence  of  past  overflows  or  uncontrolled  discharge. 

0.8 

•  Dikes  are  leaking  or  in  danger  of  collapse. 

•  There  is  evidence  of  past  overflows  or  uncoiKroUed  discharges. 

1.0 

Waste  containment  effectiTeness  factors  for  surface  water  [10] 

Non-Squid  Containing  Surface  Impoundment 

Score 

•  Site  aur&ce  ia  properly  graded. 

•  Clay  e^>  or  odier  cover  ia  in  sound  coodhioii. 

•  Any  potential  nin-on  is  effectively  diverted  sway  from  the  landSD  area. 

•  If  dm  aurfiue  impoundment  is  in  a  floo^dain,  tfikea  or  berms  effective  prevent 
floodwater  eacroaehtneaL 

0.1 

•  Site  is  covered  adequately  and  lun-on  diversion  or  flood  protection  structurea  are  present, 
if  needed.  Minor  probiems  exist  with  either  the  cover  or  dike/diversion  structtiea  (e.g., 
tfike  is  ha  poor  repair  or  (he  site  surface  is  not  adequately  v^etated). 

0J5 

•  Waste  is  covered  eChetivefy,  but  needed  run-on  tfiversioo  or  8ood  protection  s&uctaree  are 
^eent. 

•  Waste  is  covered  and  any  needed  dike/divcTakmstructaree  are  present,  but  die  cover  ia  in 
very  poor  conditioa  [extensive  rill  eroskm  has  occurred,  or  clay/soS  cover  ia  kas  dum  1  ft 
(P  J  m)  thick]. 

0.8 

•  Waste  ia  exposed  or  leachate  seeps  have  been  reported. 

■  1.0 
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Waste  containment  effectiveness  factors  for  surface  water  [10] 


■  Contaminated  material  has  apparently  been  removed  completely;  area  is  recontouied. 


•  Contaminants  are  present  but  appear  to  be  efTectiveiy  contained. 

*  Contaminated  area  is  covered  with  an  impervious  material  not  normally  subject  to 
cracking. 

•  Covered  with  adequate  thickness  of  clean  soil  and  revegetated. 

*  Any  significant  run-on  to  area  is  diverted:  if  area  is  in  a  floodplain,  dikeslberms 
effectively  prevent  floodwater  encroachmenL 


■  Limited  containment;  contaminated  area  is  covered  effectively  but  needed  run^  tfivenion 
or  flood  protection  is  absent. 

■  Contaminants  may  be  exposed,  but  the  area  is  protected  from  sigmficant  ron-on  or 
flooding,  and  surface  runoff  from  the  area  is  collected  and  treated. 


•  Contaminants  may  be  exposed.  Any  runoff  from  the  site  would  not  be  collected  and 
treated. 


Waste  containment  efTectiireoess  factors  for  ^rface  water  [10] 


Former  Fire  Training  Area 


*  Contaminated  material  has  apparently  been  removed  completely;  area  is  recontouied. 


•  Contaminants  are  present  but  appear  to  be  effectively  contained. 

•  Contaminated  area  is  covered  with  an  impervious  material  not  normally  subject  to 
cracking. 

•  Covered  with  adequate  thieknesa  of  clean  woH  and  revegetmed. 

•  Any  significant  run-on  to  area  is  Averted;  if  area  ia  in  a  floot^lain,  dfltea/beima 
effectively  prevent  floodwater  encroachmenL 


•  Limited  containment;  contaminated  area  ia  covered  effeetiveiy  but  needed  run-on  diversion 
or  flood  protection  is  abseiiL 

*  Coataminaats  may  be  exposed,  but  the  area  is  protected  from  rigmfieant  lun-oa  or 
flooding,  and  surface  runoff  from  the  area  b  collected  and  heated. 


•  ContaminaMs  may  be  exposed.  Any  runoff  from  the  nie  would  not  be  ooileeted  and 
treated. 


Waste  contaimnent  eftectiTeDess  factors  for  surface  water  [10] 

Active  Fire  Trainiag  Area 

Score 

•  Area  is  aurrounded  by  sound  concrete  containment  structures  with  freeboard  to 

prevent  overflows. 

•  Area  is  protected  from  floodwater  encroachment. 

•  Effluent  from  the  area  is  collected,  pretreated  in  an  oil-water  separator,  and  sent  to  a 
wastewater  treatment  plant. 

0.1 

•  Containment  structures  are  sound  but  lack  adequate  freeboard.  Effluent  from  the  area  is 
collected,  pretreated  in  an  oil/water  separator,  and  sent  to  a  wastewater  treatment  plant. 

OJ 

•  Potential  unsoundness  in  containment  structures  (e.g.,  constructed  of  earthen  materials 
instead  of  concrete).  Effluent  from  the  area  is  collected  pretreated  in  an  oil/water 
separator,  and  sent  to  a  wastewater  treatment  plant. 

0.8 

•  Surface  effluent  frxmi  area  is  not  controlled. 

•  Effluents  are  discharged  directly  from  oil/water  separator. 

1.0 

Waste  contaimneat  effectiveness  factors  for  surface  water  [10] 

Waste  Piles 

Score 

•  Contaminated  material  has  iqiparendy  been  removed  completely;  area  is  recontoured. 

0.1 

•  Contammants  are  presem  but  appear  to  be  effectively  contained. 

•  Contaminated  area  is  covered  with  an  icqtervious  mateiul  not  normally  aubject  to 
cracking. 

•  Covered  widi  adequate  thicknesa  of  clean  soil  and  revegetated. 

•  Any  significant  run-on  to  area  ia  divetted;  if  area  if  in  a  floodplain,  dflces/benns 
effectively  prevent  floodwater  eocroachment. 

OJ 

•  Limited  containment;  contaminated  area  is  covered  effectively  but  needed  run-on  diversion 
or  flood  protecdan  is  absent. 

•  Contaminants  may  be  exposed,  but  the  area  ia  protected  from  sigmficanl  nin-on  or 
flooding,  and  surface  runoff  from  the  area  is  collected  and  Heated. 

0.8 

•  Any  runoff  from  the  site  would  not  be  collected  and  treated. 

1.0 

Waste  containment  effectiTeness  factors  for  surface  water  [10] 


Above  Ground  Tank 

Score 

•  Above  ground  tanks  and  piping  are  in  sound  condition  and  inspected  regularly. 

0  Tank  area  and  associated  transfer  facilities  are  surrounded  by  a  sound  surface-water 
diversion  system. 

•  It  is  bermed  to  prevent  floodwater  encroacluneat  and  to  contain  qnlls. 

•  No  evidence  of  past  leaks  or  spills. 

0.1 

•  Above  ground  fitV*  and  piping  are  in  sound  condition  and  tank  area  is  benned.  Benns 
need  repair  or  may  be  inadequate  to  contain  spillage  and  subsequent  rainfall. 

0.5 

•  Above  ground  tanks  and  piping  in  sound  condition  but  the  area  is  not  bermed. 
o  Tanks  are  sound  and  the  area  ia  properly  benned,  but  there  is  evidence  of  past  leaks  or 
spills  within  the  bermed  area. 

0.8 

•  Above  ground  tanks  or  piping  are  not  in  sound  condition  (e.g.,  they  are  visibly  corroded 
or  leaking);  there  is  evidence  of  past  leaks  or  spills  in  areas  not  protected  by  berms. 

1.0 

Waste  containment  effectiycaiess  factors  for  surface  water  [10]  ' 

Underground  Tank 

Scor€ 

e  Impact  on  surface  water  is  not  likely. 

0.1 
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Waste  coDtaimnent  effectiveness  factois  for  surface  water  [10] 


Site  within  Endosed  Structures 


•  Tanks,  piping,  containers,  etc.,  are  in  sound  condition  and  are  inspected  regularly. 

•  Drainage  from  hazardous-material  handling  and  storage  areas  is  isolated  from  floor  drain 
systems  that  connect  to  storm  water  drainage  systems  or  sanitary  sewers  and  is  treated 
properly. 

•  Any  past  spills  or  leaks  are  cleaned  up  con^letely. 


•  Tanks,  p^nng,  containers,  etc.,  are  in  sound  condition  and  are  inspected  regularly. 

•  There  is  no  evidence  of  past  spifls  or  leaks,  but  drainage  from  hazardous-material  handling 
and  storage  areas  is  not  efiectively  isolated  from  floor  drain  systems  that  connect  to  storm 
water  drainage  systems  or  sanitary  sewers. 


•  Tanks,  piping,  containers,  etc.,  are  not  in  sound  condition. 

•  There  is  evidence  of  past  spills  or  leaks,  but  drainage  from  hazardous-material  handling. 
Storage  area  are  isolated  from  the  floor  drain  systems  that  connect  to  storm  water  drainage 
systems  or  sanitary  sewers. 


•  Tanks,  piping,  containers,  etc.,  are  not  in  sound  condition. 

•  There  is  evidence  of  past  spills  or  leaks,  and  drainage  from  hazardous-material  handling. 

•  Storage  areas  are  not  effectively  isolated  from  floor  drain  systems  that  connect  to  storm 
water  drainage  systems  or  sanitary  sewers. 


Waste  cootainment  effectiveness  factors  for  surface  water  [10] 


Site  with  Ground  Water  ContaninalioB 


•  Impaet  on  surface  water  is  not  likely. 


0.1 


Waste  containment  effectiveness  factors  for  ground  water  pathways  [20] 


Uncippcd  Ltodfills 

Score 

•  Contsmtnaied  mateiials  appear  to  have  been  removed  completely. 

0.1 

•  nontaimnated  area  ia  covered  with  in^tervinua  materia!  that  ia  eapeeted  tn  prevent  hirther 

infiltradoo  and  leaching. 

0.5 

•  No  clean-up  action  or  covering  has  been  done. 

1.0 

Waste  containment  effectivene^  factors  for  ground  water  pathways  [20] 

Gipped  Landdlls 

Score 

•  Liner  is  essentially  impermeable,  intact,  and  cfaemicaUy  conqratible  with  the  waste. 

•  Cover  is  of  low  permeability  and  is  intact. 

•  Leachate  collection  system  is  above  the  liner. 

•  Backup  protection  is  supplied  by  a  double  liner  with  an  adequate  leakage  detection  system. 

•  Backup  protection  is  supplied  by  a  ground  water  monitoting  system  that  ia  adequate  in 
type,  number,  and  location  of  devices. 

0.1 

•  Physical  containment  is  adeqiiste,  but  leakage  detection  and/or  the  ground  water 
monitoTing  system  is  inadequate. 

0.5 

•  Minor  deficiency  in  the  physical  containment  system;  liner  ia  modenlety  penneable,  cover 
is  defective,  or  no  leachate  collection. 

0.8 

•  Major  deficiencyOes)  in  the  physical  containment  system;  finer  is  sbsent,  finer  is  known  to 
be  perforated,  liner  is  probably  chemically  inconqsatible  with  the  waste. 

1.0 

Waste  containment  effectiveness  factors  for  ground  water  pathways  [20] 

Liquid  Containing  Surface  Impoundment 

Score 

•  Liner  is  essentially  impermeable,  inlact,  and  diciiacally  conpaiMe  widi  die  waste. 

•  Backup  protection  is  supplied  by  a  double  finer  or  appropriate  leakage  detection  qrstem. 

•  Ground  water  monitoring  devices  are  adequate  in  type,  number,  and  location. 

0.1 

•  Physical  eontamment  ayslem  is  taund,  but  leakage  detection  and/or  ground  water 
monitoring  system  is  inadequate. 

0.5 

•  Minor  deficieneyfiea)  in  physical  contiiimrat;  double  finer  is  ntodwatrly  permeable  or  in 
deteriorating  condition. 

04 

•  Major  deficiencyOes)  in  physical  containnienc  system;  liner  is  absent,  finer  is  known  to  be 
perforated,  liner  it  probably  chemieaUy  inconqiatible  with  the  waste. 

1.0 
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Waste  coDtainment  effectiveness  factors  for  ground  water  pathways  [20] 


Non-Liquid  Containing  Surface  Impoundment 


•  Liner  is  esaeatiaUy  impermeable,  intact,  and  efaetmeally  compatible  with  the  waste. 

•  Cover  is  of  low  permeability  and  is  intact. 

o  Leachate  coOectioa  system  is  above  the  finer. 

•  Backup  protection  is  supplied  by  a  double  finer  with  an  sdequair  leakage  detection  system. 

•  Backup  protecdoo  is  siqtpUed  by  a  ground  water  momtoring  qrstem  that  is  adequate  in 
type,  number,  and  location  of  devices. 


•  Physical  containment  is  adequate,  but  leakage  detection  and/or  the  ground  water 
monitoring  system  is  inadequate. 


•  Minor  deficiency  in  the  physical  containment  system;  liner  is  moderately  permeable,  cover 
is  defective,  or  no  leachate  collection. 


•  Major  defieieneyfies)  in  the  physical  containment  system;  finer  is  absent,  finer  is  known  to 
be  perforated,  liner  is  probably  chemically  incompatible  with  the  waste. 


Waste  containment  effectiveness  factors  for  ground  water  pathways  [20] 


o  Contaminated  matrrisli  appear  to  have  been  removed  conyletely. 

0.1 

0  Comaminaied  area  b  covered  with  iitipervious  material  that  b  expected  to  prevent  iuither 
infiltration  and  leaching. 

0.5 

*  No  deab-up  action  or  covering  has  been  done. 

1.0 

Waste  containment  effectiveness  factors  for  ground  water  pathwsqrs  [20] 


Former  Fire  Trainiag  Aren 


•  Contaminated  matrrials  appear  to  have  been  removed  tumpirirly. _ 


•  Contanunaled  area  is  covered  erith  in^erviotts  material  that  is  expected  to  prevent  finfiMr 
mfikration  and  leaching. 


•  No  dean-up  action  or  eovoring  haa  been  done. 


1.0 


Waste  contaimnent  effectiveness  factors  for  ground  water  pathways  [20] 

Area  Fire  Training  Area 

Score 

•  Area  is  lined  with  material  that  is  essentially  impenneable,  intact,  and  chemically 
conqtatible  with  iiieb. 

•  Liner  is  protected  from  heat  and  puncture  by  an  adequate  thielfneea  of  buffer  material 
(e.g.,  sand  under  gravel). 

•  Backup  proteedoD  is  supplied  by  a  double  liner  or  appropriate  leakage  detection  or 
monitoring  system. 

•  Facility  is  regularly  inspected  for  containment  integrity. 

0.1 

•  Containment  system  is  sound  but  lacks  complete  backup  protection,  area  has  a  concrete 
surface  with  no  double  liner  or  leakage  detection  sysem,  or  there  is  no  regular  inspection. 

•  Backup  protection  exists,  but  there  are  minor  deficiencies  in  basic  containment;  liner  is  not 
protected  from  heat  by  a  buffer  layer. 

0.5 

•  Containment  system  is  present,  but  has  potentially  signtfieant  deficiencies. 

•  Area  has  a  concrete  surface  without  heat  protection,  a  double  liner,  or  a  leakage  detection 
system. 

•  Liner  materials  are  now  suspected  to  be  chemically  incon^atible  with  some  fuel 
constituents. 

0.8 

•  Major  de.ficiefieies  in  the  containment  system. 

•  Area  is  unlined. 

•  Liner  is  a  synthetic  membrane  not  protected  from  puncturing. 

•  Liner  is  perforated  or  shows  other  visible  signs  of  deterioration. 

1.0 

Waste  containment  effectiveness  factors  for  ground  water  pathways  [20] 

Waste  FQe 

Score 

•  Contaminated  materials  appear  to  have  been  removed  eon^let^. 

0.1 

•  Contaminated  area  is  covered  with  inqwrvious  material  that  is  expected  to  prevent  fiirthcr 
infiltration  and  leadiiag. 

0.5 

•  No  cleaiMip  aetioii  or  covering  has  been  done. 


1.0 


Waste  containment  effectiveness  factors  for  ground  water  pathways  [20] 


Above  Ground  Tank 

Score 

•  Tanks  and  piping  are  in  sound  conditioa  and  are  inspected  legidaily. 

#  Tank  area  is  lined  to  prevent  infiltration  to  ground  water  and  surrounded  by  berms. 

0.1 

•  Tanks  and  piping  are  in  sound  condition,  but  tank  area  is  not  Bned. 

e  Tank  area  is  benned  and  lined  to  prevent  infiiltration  to  ground  water,  but  tanks  or  piping 
diow  signs  of  deterioration. 

•  There  is  evidence  of  past  leaks  or  frills  within  the  lined  and  benned  ares. 

0.8 

•  Tanks  or  piping  are  leaking. 

•  Tank  area  is  not  adequately  lined  and  benned  and  tanks  or  piping  diow  signs  of 
deterioration. 

•  There  is  evidence  of  past  leaks  or  spills  in  areas  not  protected  by  linen  and  berms. 

1.0 

Waste  contaiomeot  effectiveness  factors  for  ground  water  pathways  [20] 

Underground  Tank 

Score 

•  Tanks  and  piping  are  double-waUed  or  installed  above  an  inpetmeable  liner. 

•  Interior  lining  of  tanks  and  piping  is  chemically  compatible  with  contents. 

fiOUl  COfTXMlOllv 

•  Leakage  detectioii  syaCem  exists. 

0.1 

*  Taidcs  ind  piping  are  appropriately  constructed,  but  no  leakage  detection  sjfslem  rntistt. 

0.5 

•  Some  deficiencie*  in  tinks,  piping,  indoor  feaksgn  demclion  wyttem, 

•  Tuk  is  double-waUed  ind  kaksge  detection  system  exists,  but  outer  walls  are  not 
protected  from  eonosion. 

•  Tank  is  double-waDed  and  a  leakage  detection  system  exists,  but  intesior  Biting  of  tank 
may  not  be  cbemically  compatible  widi  tank  contents. 

o  Tank  is  singlo-walled  and  not  above  an  impeimeiMe  Baer,  but  tank  material  is 

noncorresible  and  chemieally  compatible  witii  tank  cnetrnts  and  tiMse  is  a  leakage 
detection  system. 


*  Major  deficiencies  in  physical  oontainineiit;  tank  is  sugie-waOed  net  installfd  above  an 
impel  ineabie  liner,  and  there  is  no  leakage  desection  system. 


Waste  containment  effectiveness  factors  for  ground  water  pathways  [20] 

Site  whhin  Enclosed  Structure 

Score 

•  Tanks,  piping,  containers,  etc.,  are  in  sound  condition  and  are  iw^>ected  regularly. 

•  Drainage  from  hazardous-maierial  handling  and  storage  areas  is  treated  properly  and  is 
isolated  from  the  floor  drain  systems  that  connect  to  storm  water  drainage  systems  or 
sanitary  sewers. 

•  Any  past  spills  or  leaks  are  cleaned  up  completely. 

0.1 

•  Tanks,  piping,  cordainers,  etc.  are  in  sound  condition  and  ate  inspected  regularly. 

•  There  is  no  evidence  of  past  spills  or  leaks,  but  drainage  from  hazardous-material  handling 
attd  storage  areas  is  not  effectively  isolated  from  floor  drain  systems  that  connect  to  storm 
water  drairuge  systems  or  sanitary  sewers. 

OJ 

•  Tanks,  piping,  containers,  etc.,  are  not  in  sound  condition,  visibly  corroded  or  leaking. 

•  There  is  evidence  of  past  spills  or  leaks,  and  drainage  from  hazardous-material  handling 
and  storage  areas  is  not  effectively  isolated  from  floor  drain  ^sterns  that  connect  to  ttotm 
water  drainage  sysmms  or  sanitary  sewers. 

0.8 

Waste  containment  eflfectiveness  factors  for  air/soU  volatiles  pathways  [32] 


Uncippcd  Landfill 


•  Daily  cover  material  is  applied. 


•  No  daily  cover  matehal  is  applied. 


Waste  containment  effectiveness  factors  for  air/soU  volatiles  pathways  [32] 


Capped  Landfill 


•  Landfill  is  covered  with  a  compacted  clay  cap  which  is  in  good  condition. 

•  Barometric  pumping  of  the  landfill  is  vented  to  VOC  control  system. 

•  Landfill  surface  is  covered  with  vegetation  to  prevent  fugitive  dust  emissions. 


•  Landfill  is  covered  with  a  compacted  clay  cap  which  has  little  or  no  damage. 

•  Landfill  is  vented  to  the  atmosphere. 

•  Vegetation  cover  or  a  dust  suppression  system  used  to  prevent  fiigidve  dust  emissions. 


•  Landfill  is  covered  wMh  a  compacted  clay  cap. 

•  No  vegetation  or  a  dust  suppression  system  L  present  to  control  fiigitive  dust  emissioas. 


*  Landfill  lacks  a  clay  c^  and  a  toil  cover. 


Waste  containment  effectiveness  factors  for  air/soil  volatiles  pathways  [32] 


Liquid  Containing  Surface  Imponndincnt 


•  Surfsce  ia  covered  with  a  aynlhetic  meiribrane  or  a  cby  e^. 

0.1 

*  Impoundment  haa  a  wind  barrier. 

OJ 

*  Impoundment  has  a  elay  cap  in  poor  eondidmi  and  eontaina  liquid  from  rainwater. 

OS 

*  Inqwundment  haa  no  clay  cap  or  barrier  and  contains  ikprid  deiived  from  nsinwater. 

1.0 
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Waste  containment  effectiveness  factors  for  air/soil  volatiles  pathways  [32] 


Non-Dquid  Containing  Surface  Impoundment 

Score 

•  Impoundment  is  covered  or  has  «  wind  barrier. 

0.1 

•  Impoundment  is  open  to  the  atmo^ere. 

O.S 

Waste  contamment  effectiveness  factors  for  air/soO  volatiles  pathways  [32] 

Spill 

Score 

•  Conuminated  ares  is  completely  covered  by  s  pemunent  structure  such  as  s  psved  surface 
or  building. 

0.1 

•  SO  %  or  more  of  the  contaminsted  sres  is  covered. 

OJ 

•  Contsminsted  sres  is  less  thsn  50%  covered. 

O.S 

•  No  covering  of  the  contsminsted  sres. 

1.0 

Waste  contaiainent  effectiveness  factors  for  air/soil  volatiles  pathways  [32] 


Former  Fire  Training  Area  I  Score 


•  Contaminated  area  is  completely  covered  by  a  pemaaeal  structure  such  as  a  paved  surftce  0.1 

or  building. 


•  50  %  or  more  of  the  contaimnated  area  is  covered.  I  0  J 


•  Contamiiiated  area  is  less  than  50%  covered.  I  0.8 


•  No  covering  of  die  contammated  area.  I  l.i 


Waste  containment  effectiveness  factors  for  air/soQ  volatiles  pathways  P2] 

Active  Fre  Training  Area 

Score 

•  Contamniated  sres  is  eonqsletely  covered  by  a  permsneat  itrucnise  audi  as  a  psved  lutftee 
or  building. 

0.1 

•  50%  or  more  of  die  conuminated  ares  b  covered. 

0.5 

•  Conuminated  area  b  lest  than  50%  covered. 

0.8 

•  No  covering  of  die  conuminated  area. 

1.0 
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Waste  containment  effectiveness  factors  for  air/soU  volatiles  pathways  [32] 


Waste  PQe 

Score 

•  Waste  pile  is  capped  and  covered  with  a  physical  barrier  (e.{.,  taip). 

0.1 

•  Waste  pile  is  covered  with  physical  barrier  (e.g.,  tarp). 

OJ 

•  Waste  pile  is  open  to  atmosphere,  no  cover  used. 

1.0 

Waste  containment  effectiveness  factors  for  air/soil  volatiles  pathways  [32] 

Above  Ground  Tank 

Score 

•  Contaaiinaied  area  is  coinpletely  covered  by  a  permanent  alnieoire  such  as  a  paved  surface 
or  building. 

0.1 

■  50%  or  more  of  the  contarrunated  area  is  covered. 

0.5 

•  Contaminated  area  is  less  than  50%  covered. 

0.S 

•  No  covering  of  the  contanunaied  area. 

1.0 
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DPM  Scora  for  Site 


Appendix  D:  Sensitivity  Analysis  Regression  Plots 


Waste  Quantity  Variations  Under  Remediat  Conditions 


Waste  Ouaniily 


WQ  Site  1  Site  2  Site  3  Site  4  Site  5  Site  6 


0.1 

10.7 

9.9 

7.6 

7.2 

7 

4.3 

0.3 

15.2 

13.7 

10.9 

10.7 

10.7 

7.1 

0.7 

24.4 

21.6 

17.6 

17.9 

18.2 

12.6 

1 

31.4 

27.5 

22.7 

23.3 

23.9 

16.8 
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0.7 


Waste  Quantity 


Site  1  Site  2  Site  3  Site  4  Siti 
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0.7 
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2.1  4.7 

0.4 

1 

3,9 
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2.9  6.6 

0.6 

Site  1; 

Y  = 

3.59(X)  +  0.34,a=  1.25 

Site  2; 

Y  = 

4.23(X)  +  0.45,a=  1.48 

Site  3: 

Y  = 

2.64(X)  +  0.27,a  =  0.92 

Site  4; 

Y  = 

5.87(X)  +  0.62,a  =  2.05 

Site  5 :  Y  =  0.45(X)  +  0.06,  a  =  0. 1 6 

Site  6:  Y  =  3.78(X)  +  0.39,  o  =  0.39 


Correlation  Coefficient  (all  sites)  =  1 


DPM  Score 


Groundwater  -  Human  Health  Scores 


Waste  Quantity 


a  Site  1  Site  2  Site  3  Site  4  Site  5 


0.1 

17 

16.8 

11.7 

10.3 

8.4 

0.3 

22.6 

22.3 

15.6 

13.7 

11.2 

0.7 

33.9 

33.5 

23.5 

20.5 

16.8 

1 

42.4 

41.9 

29.3 

25.6 

20.9 

Sitel:  Y  =  28.23(X)+  14.15,  a  =  9.86 

Site  2:  Y  =  27.9 1(X)  +  13.97,  ct  =  9.74 

Site  3;  Y  =  19.59(X)  +  09.74,  a  =  6.84 

Site  4;  Y  =  17.00(X)  +  08.60,  a  =  5.93 

Site  5:  Y  =  13.90(X)  +  07.03,  a  =  4.85 

Site  6:  Y  =  04.19(X)  + 02.10,  a  =  1.46 


2 

3 


Correlation  Coefficient  (all  sites)  s  1 


DPM  Scora 


Alr/Soil  Volatiles  -  Human  Health  Scores 


Waste  Quoniily 


Site  2 


Sites 


Site  4 


0.1 

10 

7.1 
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8.6 

0.3 

16.7 
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30.1 
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1 
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Y  = 
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6.66,  a  =  1 1 .68 

Site  2: 

Y  = 

23.55(X)  + 

4.74,  a  =  8.22 

Site  3: 

Y  = 

25.42(X)  + 

5.06,  a  =  8.87 

Site  4: 

Y  = 

28.73(X)  + 

5.74,  a  =  10.03 

Site  5: 
Site  6: 


Y  =  32.87(X)  +  6.52,  a  =  1 1.47 

Y  =  25.68(X)  +  5.12,a  =  8.97 


Correlation  Coefficient  (all  sites)  s  1 


DPM  Score 


0PM  Score 


DPM  Score 


S  ite  1  •  R emedial  Action  R  isk  S  cores  os  Groundwater  Benzene 

Concentrations  Vary 
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Site  2  -  GW  Benzene  Concentration  Variation 
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Site  4  -  GW  Benzene  Concentration  Variations 
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Site  6  •  GW  Benzene  Concentration  Variations 


Waste  Quantity 


4980ug/l  R.A.  MCL-  lug/i 

to  baseline  -  5ug/l 


0.1 

10,000ug/l  77ug/l 
4.7 

4.3 

4.2 

4.1 

0.3 

7.5 

7.1 

6.9 

6.9 

0.7 

13.2 

12.6 

12.4 

12.3 

1 

17.4 

16.8 

16.6 

16.6 

0PM  Scot* 


Site  1  -  Remedial  Action  Risk  Scores  as  Alr/Soll  Volatile 
Benzene  Concentrations  Vary 
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DPM  Scor* 


Site  2  -  Alr/Soll  Benzene  Concentration  Variations 
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DPM  Score 


Site  3  •  Air/S  oil  Benzene  Concentration  Variations 
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DPM  Scora 


Site  4  -  Air/S  oil  Benzene  Concentration  Variations 
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Site  5  -  Alr/Soll  Benzene  Concentration  Variations 
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Site  6  -  Alr/Soll  Benzene  Concentration  Variations 
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